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THE THEORY OF DYEING. I 


BY WILDER D. BANCROFT 

It is generally admitted that no adequate theory of 
dyeing has yet been presented, and yet it seems to me that 
there are sufficient data to enable the outlining of a satis¬ 
factory theory; in fact we have reached a point where such a 
theory is essential as a guide to research work. 

There are a number of points to be accounted for. vSome 
color baths will dye wool or silk fast to washing and will not 
act the same way with cotton, while other baths will dye 
cotton direct. The addition of sodium sulphate to a bath 
may cause the fiber to take up more or less color than it 
otherwise would. In some cases an acid bath promotes 
dyeing; in other cases it checks it. Treatment of cotton 
with salts of aluminum, chromium, tin, iron, etc., will cause 
the dyeing of the fiber by color baths which ordinarily will 
not act in this way. The addition of tannin will cause other 
colors to be taken up by cotton. "J'he color is fixed more 
thoroughly if sodium arsenate is added to an iron mordant, 
sodium phosphate to an alumina mordant, tartar emetic to a 
tannin mordant, etc. 

vSince the dye is apparently soluble in aqueous solution, 
and since it does not wash out of the fiber, the simplest way 
of accounting for this is to postulate the formation of an 
insoluble cximpound and this assumption is made explicitly 
by all, or nearly all, of the people who are familiar with the 
practical side of dyeing. On the other hand, this assumption 
has not proved a satisfactory working hypothesis. A hundred 
years of it has left us with the feeling that dyeing is essentially 
a mysterious process. Consequently, those of us who have no 
technical knowledge, but who have to lecture on the subject, 
incline very strongly to the belief that we are dealing with 
adsorption, and that definite chemical compounds are not 
formed as a rule though they may be in certain special cases. 

If we are to assume the formation of definite chemical 
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compounds, we must assume that wool, cotton, and char¬ 
coal may each act either as a base or as an acid. This hypo¬ 
thesis might be permissible in the case of wool; but it is a 
questionable one for cotton and an absurd one for charcoal. 
Of course one does not usually speak of dyeing charcoal; but 
charcoal takes up dyes quite as readily as wool or silk, and 
more readily than cotton. The color of the dye does not show 
against the black background; but that does not affect the 
principle involved. Fortunately, the whole question is not 
one of personal preference or of any so-called chemical intui¬ 
tion; it is a matter to be decided by quantitative analysis. 
If the dye forms a sparingly soluble compound with the 
fiber, we shall have the unchanged fiber and the fiber-dye 
compound as two .separate phases, and consequently a constant 
concentration in the dye-bath until the fiber has been con¬ 
verted completely into the fiber-dye compound, when the 
concentration of the dye in the bath will vary while the con¬ 
centration of the dye in the fiber will remain constant. If 
we have a case of adsorjjtion, the concentrations of the dye 
in the fiber and in the bath will vary continuously. 

Since the behavior of wool with acid or alkali has been 
put forward as proving the basic or acid nature of the fiber, 
we will begin by appljdng our test in the case of acids, alkalies 
and salts before taking up the special cases of dyes. 

Pelet-Jolivet* gives data for wool with caustic .soda and 
sulphuric acid (Tables I and II). 

Table I 

5 grams wool, 500 cc solution, 3 days, cold 


Total NaOH 

Adsorbed NaOH 

Dissolved NaOH 

Milligrams 

Milligrams 

' Milligrams 

ICX) 

67 5 

32 5 

20C) 

140 

60 

400 

30 f> 

95 

600 

480 

J20 

800 

f >55 

145 


‘ "Die Thcorie de.s Farbepn>zes.ses,” 77, 78 (1910). 
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Table II 

I gram wool, 150 cc solution, 2 days, temperature 20° 


otal H2SO4 

Grams 

Absorbed HoSOi 

Grams 

Dissolved H2SO4 
Grams 

{) 126 

0 

051 

(0 054)' 

0 075 

0 252 

0 

057 

(0 055) 

0 195 

» 

0 

060 

(0 060) 

0 518 

f) 504 

0 

066 

(0 060) 

0 438 

0 f)j() 

C) 

076 

(0 070) 

0 554 

<> 757 

0 

076 

(0.075) 

0 681 

0 'SS,^ 

0 

080 

(0 080) 

0 803 

I 000 

0 

^'>95 

(0 0S5) 

0 914 


0 

f)88 

(0 085) 

I 047 

I 261 

0 

09 F 

(0 ncjo) 

I 170 


No matter what corrections one makes for experimental 
error, there is absolutely no evidence that wool forms a defi¬ 
nite compound cither with caustic soda or with sulphuric 
acid, (ielmo and vSuida- found that different samples of wool 
took up different quantities of sulphuric acid or of hydro¬ 
chloric acid. This is what might be expected in case of ad¬ 
sorption; but it is hard to account for on the basis of a definite 
compound unless we assume that one sample of wool was more 
alkaline than the other. 'I'his cannot have been so, because 
the wool which took up the smaller amount of sulphuric acid 
also took up less ammonia than the other sample. 'J'he 
possible variations in the case of unquestioned adsorption 
are brought out clearly in Table III which contains data by 
Pelet“Jolivet^ for the action of different commercial char¬ 
coals on solutions of methylene blue and of crystal ponceau 


* The nuni])crs in parentheses aie the oik's actiiallv piven. The others are 
the ones which balance 

” Monatsheft fur Chemie, 25, 863 26, 225 (igof)) 

“Die Theoric des F:irl)epro/.esses,'’ 58 (igio) 



4 


Wilder D. Bancroft 


Table III 


Description and brand 


Grams of dye adsorbed per loo g 
organic matter in charcoal 


Methylene blue 


Crystal ponceau 


Blood charcoal, pure M 
Animal charcoal, pure M 
Bone black K 
Blood charcoal, H 
Blood charcoal, K 
Wood charcoal, powdered 
Soot 


84.17 

74-53 

48.97 

46.59 

20.22 

12.05 

H.99 

11.24 

342 1 

4.90 

I .69 

2.24 

1.72 ! 

1.85 


In another experiment^ a granulated charcoal took up 7.8 
percent methylene blue, but 8.2 percent when powdered very 
fine. The experiments of Walker and Appleyard^ show that 
no definite compounds are formed when silk is shaken with 
aqueous solutions of organic acids. There is also no evi¬ 
dence of any compound being formed when wool is shaken 
with water and varying amounts of tannin (Table IV).® 
More tannin is taken up at the higher temperature than at 
the lower temperature, but that is the only difference. 


Table IV 

2 grams wool, 100 cc solution, temperature 18° 


Total tannin 
Grams 


Adsorbed tannin 
Grams 


Dissolved tannin 
Grams 


o. 100 
0.200 
0.300 
0.400 
0.500 


0.0234 

0.0385 

0.0484 

0.0532 

0.0585 


o 0765 
o.1615 
o 2516 
0.3468 

0.4415 


2 grams wool, 100 cc solution, temperature 85° 


o. 100 
0.200 
0.300 
0.400 
o 500 


0.035 

o 057 

0.077 
o 100 

O. 122 


0.065 

0.143 

0.223 
0.300 
o 377 


^ Pelet-Jolivet. “Die Theorie des Farbeprozesses,” 68 (1910). 
* Jour. Chem. Soc., 69, 1334 (1896) 

® Pelet-Jolivet: “Die Theorie des Farbeprozesses,” 79 (1910). 
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Sanin^ has made more experiments on the amount of tannin 
taken up by cottoii (Table V). There is no evidence of any 
compound being formed. 


Tannin per 
loo cc solution 
Grams 


4.580 
3 650 
2.730 
1.806 
0.885 


Tannin per 
gram cotton 
Grams 

0330 

O 281 
o 221 
0.163 
0.105 


Tannin per 
100 cc solution 
Grams 

0.705 

o 525 

o 345 
o 167 
o 080 


Tannin per 
gram cotton 
Grams 


0.087 
0.077 
o 053 
0.033 
0.021 


Table V 

II 

? 

I' 


Mills and Takamine^ found that wool adsorbed hydro¬ 
chloric acid and caustic soda in the molecular ratio 
2HCI ; 3NaOH when treated with dilute equivalent solu¬ 
tions. With silk the ratio was 3HCI : loNaOH. For tenth- 
normal hydrochloric acid and ammonia Gelmo and Suida* 
find the ratio of approximately 2HCI ; i NH3 for wool and of 
iHCl : 6.4 NHs for silk. This in itself shows that the effect 
is specific and is not a matter solely of alkalinity or acidity. 

If a fiber or any other substance adsorbs a base more 
strongly than an acid, there will be a tendency to hydrolyze 
the salt of that base and that acid, the base being then ad¬ 
sorbed to a greater extent than the acid. Theoretically, 
there is always some hydrolysis in the case of sodium chloride 
and water according to the equation, 

Na- + Cl' + H2O Na- + OH' -b H' -f Cl', 

but this reaction does not run far because caustic soda and 
hydrochloric acid are strong electrolytes and we cannot have 
a high simultaneous concentration of hydrogen as ion and 
hydroxyl as ion. If the caustic soda is removed, the hydrolysis 
can go on farther. We thus see that a neutral solution will 
become add if shaken with a substance, which adsorbs the 


^ Zeit. Kolloidchemie, lo, 82 (1912). 

* Jour. Chem. Soc., 43, 153 (1883). 

® Monatsheft fur Chemie, 2$, 863 (1905); 26, 225 (1906). 
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base much more strongly than the add, that it will become 
alkaline if the substance adsorbs the add much more strongly 
than the base, and that it will remain neutral in case the 
solution does not adsorb either base or add at all or in case it 
adsorbs the two in practically equivalent amounts. All 
these cases are known and the results do not depend upon 
any hypothetical acidity or alkalinity of the adsorbing sub¬ 
stance. 

If fuller’s earth be shaken with water and then filtered, 
the filtrate is neutral to litmus paper' or to phenolphthalein, 
showing that no soluble add or base is present. If fuller’s 
earth be shaken with a sodium chloride solution and filtered, 
the filtrate is acid to litmus paper or to phenolphthalein. 
This is because fuller’s earth has adsorbed the base. If one 
presses litmus paper against moistened fuller’s earth, the 
litmus paper turns red, and if one adds fuller’s earth to u 
faintly alkaline solution of phenolphthalein the red color 
disappears. This is not because the fuller’s earth is acid, 
but because it takes the base from the sodium chloride, the 
litmus or the phenolphthalein. I'his may seem like a differ¬ 
ence between tweedledum and tweedledee; but even that is 
sometimes important. It is easy enough to illustrate the 
difference. vSuppose I have an unknown but equal number of 
red and of yellow bananas spread out on a table. By arrang¬ 
ing them alternately it is easy enough to see that there are an 
equal number of each without actually countitig them. vSujj- 
pose that, after an absence from the room, I notice there are 
more yellow bananas than red ones. It may be that some 
one has presented me with a number of yellow ones. It may 
also be that some one has carried off a number of red bananas. 
On either hypothesis I shall have more yellow bananas than 
red ones; but there is a marked difference between having 
bananas—or anything else— given to one and having them 
stolen from one. 

Animal charcoal behaves like fuller’s earth, though, it 
Ciimeroir Tour Phys. Chem., 14, 400 (1910). 
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is less active.' Sodium chloride is said not to be decomposed, 
but sodium acetate and disodium phosphate are. We get 
adsorption of the acid by hydrous ferric oxide or cupric oxide. 
We usually write the reaction between copper sulphate and 
vSodium hydroxide 

CuS()4 + 2Na()H = CuOilLi + Na2vS()4 
but the solution is alkaline as a matter of fact. Calcium 
chloride and barium chloride are adsorbed practically without 
change by boneblack, and the sodium salt of benzopurpurine 
by cotton. 

It is quite conceivable that the adsorption curves for an 
alkali and an acid might intersect, in which case the base 
would t)e taken up to a greater extent than the acid at one 
concentration, while the reverse would be true at another 
concentration. This case seems to occur with alum. 
vSchwalbe- says that wool takes up more sulphuric acid 
than alumina from a dilute alum solution, all the 
sulphuric acid being taken out of a 5 percent alum, 
solution. From concentrated solutions wool takes up 
more alumina than acid. According to von Georgievics 
alumina and sulphuric acid are taken up in equivalent quan¬ 
tities from a 24 percent solution of alum while relatively more 
sulphuric acid is taken up from a more concentrated solution." 
It is not clear whether these two sets of statements are con¬ 
tradictory or whether there are two concentrations for which 
alumina and sulphuric acid are taken up in equivalent quan¬ 
tities. In cavse a salt is decomposed and the basic radical 
adsorbed more than the acid radical, washing the fiber will 
take out relatively more acid than base.^ 

It is now clear that no definite compounds are formed 
when wool, silk or cotton is shaken with aqueous solutions of 
acids, bases or salts, and that we are dealing throughout 

’ Liebermami* Akad Wiss Wien, 74,331 (187K) 

- Ahrensche Samnilung chemischer Vortrage, 12, 163 (i9i>7) 

Cf Dreaper- “Chemistry and Physics of Dyeing/’ 62 (1906). 

Cf. Schwalbe: Ahrensche Sammlung chemischer Vortrage, 12, 167 

(1907). 
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with cases of adsorption. The evidence is equally strong 
with dyes. 

Georgievics^ dyed silk with indigo carmine, and cellulose 
with methylene blue. In both cases the concentrations in 
the dye-bath and in the fiber varied simiiltaneously. Pelet- 
Jolivet* gives data by himself and by others to show the 
same thing for methylene blue, crystal violet, safranine, 
crystal ponceau, and patent blue with wool; for malachite 
green, new magenta, eosine, and patent blue with silk; and 
for crystal violet, benzazurine, mikado yellow, benzo-brown 
G and benzopurpurine with cotton. The data for methylene 
blue, crystal violet, and safranine with wool are given in Table 
VI. 

Table VI 


Ai = milligrams methylene blue per gram wool. 
A2 = grams methylene blue per liter solution. 
Bi = milligrams crystal violet per gram wool. 
Bj = grams crystal violet per liter solution. 

Cl = milligrams, safranine per gram wool. 

C2 = grams safranine per liter solution. 


At 

A2 


32 7 . 

O.OI 

40 

44.0 

0 34 

: 47 

47-7 

1.29 

1 50 

53 0 

2 21 

54 

53-3 

3 20 

58 


B.2 

c. 

C2 

0.80 

38 6 

I I 

1-77 

43 •« 

5 7 

2*75 : 

47 ! 

10.3 

3-73 1 

51 

14.9 

471 ' 

.S 3 i 

19 7 


The data of Freundlich and Losev® are very interesting; 
but these authors present their results in so unsatisfactory 
a way as to require an elaborate recalculation if the data are 
to be used. Freundlich and Losev conclude that dyes are 
taken up by wool and silk in the same way as by charcoal 
and that the evidence is conclusive that we are dealing with 
adsorption and not with a process involving the formation 
of definite chemical compounds. The same cohclusion 


’ Akad. Wiss. Wien. 103, H&, 589 (1894); 104, lib, 309 (1895). 
® “Die Theorie des Farbeprozesses," 71-76 (1910). 

“ Zeit. phys. Chem., 59, 284 (1907). 
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follows from the experiments of Schaposchnikow^ with cotton 
and a number of substantive dyes. 

If we are dealing with adsorption, as seems to be the 
case, the process must be reversible theoretically, and it 
should be possible, theoretically at any rate, to wash the 
dye out of the fiber practically completely. There are plenty 
of dyes with which this can be done, methylene blue and cotton 
for instance; but the practical dyer says that methylene blue 
does not dye cotton, meaning thereby that cotton dyed with 
methylene blue bleeds so l)adly as to have no practical value. 
The case of a dye which does nol wash out of the fiber seems 
therefore to present difficulties; but they are imaginary 
difficulties. If a fiber will take the dye out of a solution so 
thoroughly that the bath is completely exhausted, it follows 
that washing with that solution cannot extract enough dye to 
color the solution.*'^ The process will thus apparently Ije 
irreversible though really reversible. As a matter of fact, 
no dye will withstand unlimited washing and it is well known 
that it is risky to heat dyed cloth and white goods together 
in the boiler. Dreaper^ says that “a hank of cotton dyed 
with benzopurpurine (sodium vSalt) will, on prolonged boiling 
with a similar but undyed skein, give up its dye until an 
equilibrium of color is obtained on both skeins.” We have 
confirmed this statement; but we were never able to do it 
in such a way that there was no tinge to the water. 

The fact that a fiber may exhaust an aqueous bath com¬ 
pletely does not necessarily imply that it will do the same with 
another solvent. As a matter of fact, alcohol will wash 
crystal violet out of woob or magenta out of silk,'’ though it 
must be admitted that there are some points about the action 
of organic solvents which call for further study. 

’ Zeil phys Chem , 78, 209 (1911) 

Freundlich Zeit phys Cheni , 67, 53S (igoy) 

* ‘^Chemistry and Physics of Dyeing,” 149 (igo^j)- 

** Freundlich and Losev; Zeil. phys Chem , 54, 305 (1907) 

* Sisley. Bull. Soc. chim Paris, [3] 23, 865 (190^^) 

® Cf. Walker and Appleyard. Joui. Chem Soc., 69, 1334 (1896); 
Schwalbe Ahrensche vSammlung cheratscher Vortnige, 12, 121 (1908; 
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I now propose to show that the phenomena of dyeing can 
be accounted for satisfactorily on the single postulate that a 
fiber tends to adsorb everything in the solution in amounts 
varying with the nature, concentration, and temperature of 
the solution and with the nature of the fiber. This does not 
sound especially thrilling or novel; but it is the application 
to special cases which counts. 

When we have a mixture of two salts in solution, the 
diffusate will contain an excess of the salt made up of the 
faster-moving cation and the faster-moving anion. In the 
same way metathetical reactions will take place in the solution 
so that the most readily adsorbed cation and the most readily 
adsorbed anion will be the ones chiefly taken up. t)f the 
inorganic ions, hydrogen and hydroxyl are usually taken up 
the most readily. Leaving these out of account, it will pass 
as a first approximation to postulate that inorganic ions of 
higher valence are usually adsorbed more than the correspond¬ 
ing ones of lower valence. Since adsorption is distinctly a 
selective phenomena, this rule cannot he relied upon e\’en 
when limited to inorganic ions. It will serve however as a 
guide. 

When testing the theory of dyeing for wool and silk, we 
will begin with the so-called basic and acid dyes. A basic 
dye is one which contains the color in the basic radical while 
an acid dye contains the color in the acid radical. Among the 
familiar basic dyes are magenta, safranine, auramine, mala¬ 
chite green, methylene blue, crystal violet, and Bismarck 
brown. Among the familiar acid colors are croceine scarlet, 
crystal ponceau, naphthol yellow, acid green, and alkali blue. 

In order to get the maximum adsorption of an acid dye 
we should have present an ion of the opposite charge which is 
readily adsorbed. We therefore deduce the following con¬ 
clusions in regard to an acid dye; 

(1) The dye is taken up most readily in an add solution 
but may be taken up in a neutral or alkaline solution. 

(2) A readily adsorbed anion decreases the amount of 
dye taken up. 
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(3) A readily adsorbed cation increases the amount of 
dye taken up. 

These generalizations can easily be confirmed by tabula¬ 
ting some of Pelet-Jolivet’s results with crystal ponceau.^ 
Five grains of wool took up 44 mg of crystal ponceau from a 
neutral aqueous solution, 24 mg when 10 cc N 10 NaOH were 
added, and 109 mg when 8 cc N/10 HCl were present. Silk ad¬ 
sorbed 4.6 mg crystal ponceau from an alkaline solution, 8.7 
mg from a neutral solution and 28 2 mg from an acid solu¬ 
tion. In another set of experiments in which the concentra¬ 
tion of the dye varied, the milligrams adsorbed by wool were 
41.7, 62.8, 765 and 86.5 from a neutral solution and 65, 113, 
150, and 178 from a solution containing 15 cc .V 10 HjvSfh 
per liter. Increasing the degree of acidity increases the 
amount taken up, at any rate over quite a range of concentra¬ 
tions as is shown in Table VII I do not know whether the 

Table \'II 

3 grams wool, 200 mg crystal ponceau per 200 cc Hj() 



Adsorbed dye 

(»rani^ 


0 0 


0 015 

4 ^> 

0 049 

112 

^45 

* 47 

0 784 

^35 


ItivSO, 

Adsorbt'd dyt 

Ciranis 

Milligrams 

3 9 ^ 

174 

7 

178 

i.S 88 

(140) 

39 2 

(128) 


decrease in the adsorption with the higher concentrations of 
sulphuric acid is due to the increased concentration of vSC)4 
ion working against the hydrogen ion or whether there is a 
permanent decrease in the adsorbing power of wool after the 
wool has been exposed to acid of this concentration. This 
point could easily be determined experimentally; but Pelet- 
Jolivet apparently did not appreciate the importance of this. 

In accordance with conclusion No. 2 acidifying with a 
bivalent acid, such as sulphuric acid, should cut down the 

Pelct-Jolivet. “Die Theorie dcs Fdrbeprozesses,” 94, 98, 119, 148 
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amount of dye taken up much more than acidifying with an 
equivalent quantity of hydrochloric acid. This has been 
observed by Pelet-Jolivet,* Tables VIII-IX. Just as the 

Table VIII 

5 grams wool, 0.372 mg crystal ponceau per 200 cc solution 

i Milligrams crystal ponceau adsorbed 

cc N/10 acid I______ _ . „ 


added 

HCl 

H2WSO4 1 

H,P 04 

0 

44 i 

I 42 1 

42 

8 i 

109 

1 93 

i 48 

i8 

158 

1 140 

! 80 

28 

171 

1 153 

i 102 


Table IX 


5 grams wool, x 

= percent crystal ponceau, 200 cc solution 


Milligrams crystal ponceau adsorbed 


* i 

3 cc JV/10 H2SO4 

Water 

0.12 g Na2S04 

'“I 

' 65 

41 7 

36.2 

0.2 1 

113 

62.8 

.59 8 

o ‘3 i 

I.so 

76.5 

64,8 

0.4 

1 178 

i 86.5 

i 70.8 


theory requires, the amount of dye taken up decreases as we 
pass from hydrochloric acid to sulphuric acid and then to 
phosphoric acid. Addition of sodium .sulphate cuts down the 
amount of dye adsorbed. 

We have rather an interesting case with potassium 
chloride,® Table X. As I interpret these results, chlorine as 
ion is probably adsorbed somewhat more readily than potas¬ 
sium and consequently the adsorption of the dye decreases 
with increasing salt concentration. On the other hand the 
potassium chloride decreases the solubility of the dye in water 
and in that way increases the tendency of the dye to b^ ad- 


* "'Die Theorie des Farbeprozesses,” 94, 119 (1910). 

2 PeJet-Jolivet: “Die Theorie des Farbeprozesses,” 94, 149 (1910). 
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sorbed. With higher concentrations of the salt, the latter 
tendency is the more important and the amount of adsorbed 
dye passes through a minimum and then increases until the 
dye is actually salted out. 

Table X 

3 grams wool, 200 mg crystal ponceau per 200 cc solution 


KCl 

Milligrams 

KCl 

Milligrams 

Grams 

dye adsorbed 

Grams 

dye adsorbed 

0 1 

32 

— 

— 

0 0075 

32 

0 756 

43 

0 0227 

28 

1 512 

55 

0 0378 ' 

28 : 

3 024 

71 

0.0756 

28 

6 048 

91 

0 378 

33 

15.12 

(100) 

— 

— 

24 19 

( 50) 


The truth of the conclusion that a readily adsorbed cation 
increases the adsorption is shown in Table XI.* We see from 


Table XI 

Wool, effect of cations^ 


Dye solution 

Cone. 

Mgm dye 
adsorbed 

Free acid of crystal ponceau 

a; ioo 

290 

Na salt of crystal ponceau 

AVioo 

65 

Na salt of crystal ponceau 

A'/50o 

' 30 

Mg salt of crystal ponceau 

N/soo 

45 

Free acid of crystal ponceau 

N/100 

' 138 

A1 salt of cr}'stal ponceau 

A'/100 

159 

Free acid of crystal ponceau 

N/500 

14 

Mg salt of crystal ponceau 

AA'soo 

7 8 

A1 salt of crystal ponceau 

N/500 

14 6 

Free acid of naphthol yellow 

N/100 

; 205 

Na salt of naphthol yellow 

N/100 

35 

Mg salt of naphthol yellow 

AVioo 

70 


^ Pelet-Jolivet* ‘'Die Theorie des Farbeprozesses,” 97, 108. 
® The different series in this table are not comparable. 
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these figures that the amount of adsorbed dye decreases with 
decreasing adsorption of the cation, so that we have 
Al>Mg>Na. 

Since sodium as ion has a relatively slight effect on the 
adsorption and sulphate as ion a relatively large one, it fol¬ 
lows that sodium sulphate will cut down the adsorption of an 
acid dye and will tend to strip an acid dye which has already 
been adsorbed. This is a perfectly familiar phenomenon. 
Sodium sulphate is often added to the bath to act as a leveller. 
While a strongly acid bath would cause the most dye to be 
taken up, the dye would be adsorbed so rapidly that there 
would be great danger of the color not being even For this 
reason, acid colors which do not readily dye even are used in 
weakly acid baths containing sodium sulphate, so that the 
dyeing shall take place more slowly and more evenly though 
not to so deep a shade. In case of uneven dyeing, the sodium 
sulphate will strip the excess color. In regard to dyeing with 
acid colors, Knecht* says; “The addition of sodium sulphate 
to the dye-bath exerts a restraining action; the dyeing jjro- 
ceeds more slowly and regularly, and a more ecjual distribu¬ 
tion and absorption of coloring matter takes place. Other 
devices, to obtain even colors are the use of old dye-liquors, 
a diminished amount of acid, the employment of weaker 
acids, c. g., acetic or formic acid or ammonium acetate, and the 
entering of the material at a low temperature.” 

From our present point of view, there are no longer any 
difficulties in the paper on “The Theory of the Acid Dye- 
bath” by A. W. Hallitt" from which I quote, because this 
paper is referred to so often. 

“This experiment shows that sulphate of soda acts in the 
same way in producing evenness, and in extracting colors 
from the yam, whether it is used in the bath with the acid 
and color, or whether the dyed yarn is treated subsequently 
in a separate bath of sulphate only. The bisulphate theory 

^ Encycloi>edia Britanuica, eleventh edition, “Art Dyeing." 

2 Jour. Soc Dyers. 15, 31 (1899) 
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has no explanation to give of these results. They indicate 
that the levelling influence of the sulphate does not depend 
on a mere retardation of the dyeing process, but on the setting 
up of an opposite stripping action. If the dyeing has begun 
unevenly, the sulphate will strip more energetically from the 
darker parts of the material, and the dyeing will be more 
active on the lighter parts, and when the dyeing has pro¬ 
ceeded so far that the stripping takes place as fast as the 
dyeing, effective dyeing will cease, but the levelling process 
will continue. This stripping and redyeing action is more 
rapid at the boil, and so we find that although most of these 
colors can be fixed considerably below the boil, the higher 
temperature is necessary to make the ('olors even. 

“Here is another point in which the bisulphate theory 
fails. It is said that chloride of sodium and other neutral 
salts would not act in the same way as the sulphate. It is 
true that the chloride will not act in the same degree as the 
sulphate, but that in a lesser degree it acts in the same manner 
is shown in the following experiments: 

“Two hanks were dyed with i percent Palatine Red A. 
((/) With 3 percent sulphuric acid only. 

{})) With 3 percent sulphuric acid and 50 percent 
sodium chloride. 

[b) is distinctly more e\en than ici). Color left in bath, 
(a) 1.4 percent, ih) 6.0 percent of color used,” 

According to the theory presented, every adsorbable 
anion cuts down the degree of adsorption of an acid color. 
The difference between sodium chloride and sodium sulphate 
is due merely to the greater ad.sorption sulphate. If 
chlorine as ion is adsorbed more than sodium as ion which 
appears to be the case— a high concentration of sodium 
chloride should be equivalent to a low concentration of sodium 
sulphate, which is what Hallitt found. It must be remembered, 
however, that this equivalence holds only for the conditions 
under discussion. It might easily happen that a high con¬ 
centration of sodium chloride had a different effect on the 
solubility of the dye from that exerted by a low concentration 
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of sodium sulphate. In that case this would be a disturbing 
factor. 

On another page of the same paper Hallitt^ says: 

“The concordance which is found in the figures for the 
color left in the dye-bath, and extracted from the yam, when 
the experiments are carried on under exactly similar condi¬ 
tions shows that at the end of the dyeing process, a definite 
state of equilibrium is arrived at. The opposite forces com¬ 
posing this equilibrium are on the one hand the attraction 
that exists between the color and the fiber, and on the other 
hand the solvent action of the exhausted dye liquor on the 
color already fixed on the yarn. As the yarn is gradually 
loaded with color its attraction grows less, and as the dye 
liquor is exhausted its solvent aetion becomes greater. A 
point is therefore arrived at, where these two opposite pro¬ 
cesses have the same velocity and are in equilibrium. But 
we find that this point of primary equilibrium (as we may 
call it) between the yarn and the dye liquor is a mov'^able one. 
Thus, by the addition of acid it is moved in favor of the yarn, 
and by the addition of sulphate of soda it is moved in favor 
of the bath. It varies also with different colors.” 

The theory, which I am presenting, calls for reversible 
adsorption, for an increased adsorption in presence of hydro¬ 
gen as ion, and for a decreased adsorption in presence of 
sulphate as ion. Since the adsorption is specific, the degree 
of exhaustion for a given acidity will vary with the specified 
degree of adsorption of the acid color, which is just what 
Hallitt requires. 

On page 34 of his paper Hallitt says: “An acid color 
is a salt in which the color acid needs to be liberated before 
the dyeing can take place.® Instead of our previous example 
of hydrochloric acid and sulphate of soda, let us now consider 
a solution of a color salt and sulphuric acid. The only base 
in the solution will be the soda base introduced in combination 


1 Jour. Soc. Dyers, 15, 33 (1899) 

* [This is an unfortunate definition. W. D. B.) 



The Theory of Dyeing 


17 


with the color acid. For this base both acids will compete, 
and the proportion falling to each will depend on their respect¬ 
ive intensities and concentration. On introducing yarn into 
this solution both color acid and sulphuric acid are partially 
absorbed and neutralized;' but the color acid in larger pro¬ 
portion, therefore the balance is disturbed in favor of sulphuric 
acid; the direct change between the sulphuric acid and the color 
salt therefore proceeds a step further, more sulphate of soda 
being formed and more color set free, and absorbed by the 
yarn. 'I'hus the process would go on to practical completion 
except that the color acid, though absorbed by the wool, is 
not removed entirely from the field of action, but is subject 
to the solvent action of the exhausted dye-liquor. The 
solvent action is very slight with many of the color acids, but 
con.siderable with some; and in either case it finally estab¬ 
lishes an equilibrium with the enfeebled dyeing action I said 
that the rapidity with which the color acid would l)e liberated 
would depend on the concentrations and intensities of the two 
acids. 

“With regard to the intensity of the color acid, is it not 
well known that those colors that dye the most evenly and 
exhaust the bath the least have strong acid elements, such 
as the nitro and highly sulphonated colors, thus enabling them 
to resist rapid displacement by the sulphuric acid. In saying 
this, I do not overlook the fact that each type of color has its 
own individuality. We know hardly anything of the nature 
of the compounds formed between the color acids and the 
basic elements of the wool fiber; but it may safely be assumed 
that some of these color acids form more soluble compounds 
than others, and this being so will dye more evenly by strip¬ 
ping more readily. But with reference to the intensity of the 
color acid, we may say this, that colors of the same family 
are made more even-dyeing by an increUvSe in the intensity 
of the acid element of the color. That is all that the laws of 
the equilibrium would require. 

’ (It wtmld have been .safer to have omitted the words "and neulrahzid " 
W. 1) B. 1 
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“If I may take it as an accepted fact that a color dyes 
more slowly and evenly as its acid intensity is increased 
(and there are, no doubt, some of you who are familiar with the 
preparation and chemistry of these colors, and who will correct 
or confirm me in this), then this seems to me a fact of the 
greatest theoretical importance. For if the reaction of the 
color salt were primarily and directly with the yarn, then we 
should expect that the stronger the acid element in the salt 
the more active would be its attack on the yarn, and the more 
uneven its dyeing properties. But this is the opposite of 
the facts. But on the view that the color acid can only dye 
as it is displaced from its soda base, and that this displace¬ 
ment follows the laws of equilibrium already stated, then the 
relation is natural which is known to exist between the in 
tensity of the color acid and its even dyeing and imperfectly 
exhausting character. That is to say, that the more intense 
color acid would be liberated more .slowly from its base, and 
the dyeing being thus more gradual, would not go on so far 
before being met and balanced by the solvent action of the dyc- 
liquor on the fixed color.” 

The weak point in this discussion apart from phrase¬ 
ology--is that Hallitt does not take into account the effect 
that the adsorption of the sulphate radical has on the ad¬ 
sorption of the color acid. For any given color acid we must 
consider both the acidity of the solution and the effect of the 
nature of the acid if we are to understand the way things go. 
Hallitt ignored the effect due to the anion and consequently 
got into trouble, as the following paragraphs show: 

“The influence of the mass of the sulphuric acid was 

shown by Dr. Knecht' in a communication., according 

to which a quantity of sulphuric acid equivalent only to the 
color salt in solution dyed a very weak shade, and ten to 
fifteen times that quantity was required to give a full shade. 
A large part of this excess is neutralized by the wool, but 
still it appears that a certain preponderance of mass of the acid 


Jour Soc. Dyers, 14, 107 (i 
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is necessary to carry the direct change far enough for practical 
dyeing purposes. 

“Now, with regard to the intensity of the assistant acid, 
every one knows that colors that dye unevenly with sul¬ 
phuric acid may be dyed more evenly with acetic acid. As 
the latter has only about i-i6th the intensity of sulphuric 
acid its action in enfeebling the direct change is what the 
law would indicate. 

“On this subject I find the following in the admirable 
manual of their colors (A., General part, 1896) issued by the 
Farbwerke Hoechst. After an excellent paragraph in which 
the levelling influence of sulphate of soda is ascribed to its 
solvent action on the lix(‘d color, there follows on ])age 64 a 
paragraph on the use of weaker acids for the promotion of 
evenness, in which it is stated that ‘for uneven colors weaker 
acids should be employed, such as hydrochloric, oxalic, or 
acetic.’ I assume that equivalent cjuantities are meant; 
they are not otherwise comparable Referring to the list of 
intensities given we see that hydrochloric is twice as strong 
as sulphuric, and would not therefore be expected to dye more 
evenly. Oxalic is only half as strong as sulphuric, but experi¬ 
ment shows that for this purpose it acts more powerfully and 
therefore dyes less evenly. Acetic acid is the only one left, 
as it is the only one in general use for the purpose 

“I have made the following experiments with equivalent 
quantities of good (ommefdal samples of these acids Three 
colors were dyed in i percent shades, and the figures given 
show the percentage left in the bath, of the color used. The 
degree of evenness is found to be proportional to the amount 
of color left in the bath. 



Dyed with 

Palatine 

Red 

Percent 

Acid Blue IV 
Percent 

Tartrazine 

Percent 

a. 

6.84 percent hydrochloric 

0.15 

exhausted 

exhausted 

b. 

3.66 percent oxalic 

0 90 

0 15 

0 27 

c. 

3.00 percent sulphuric 

I 4 

0.35 

0 8s 

d. 

14.33 percent acetic 

4 2 

I I 

f) 4 
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Leaving out sulphuric add in this table we find that the other 
three act in the same order as their intensity figures indicate. 
Thus hydrochloric is the strongest, and it leaves the least 
color in the bath, and dyes the least evenly. Oxalic is weaker 
than hydrochloric and leaves more color in the bath, and dyes 
more evenly. Acetic is still weaker, and leaves still more 
color in the bath, and dyes still more evenly. But sulphuric, 
which by its intensity figure comes between hydrochloric 
and oxalic, is foimd in this experiment between oxalic and 
acetic. We see from this that sulphuric add is anomalous. 
It acts less intensely in the bath than its figure indicates. 
This led me to make the following experiment, in which the 
amount of add used is obtained by multiplying the equivalent 
figures used in the last experiment by numbers which are in¬ 
versely proportional to tlie intensities. We thus obtain 
quantities of add which represent equal intensities. A bath 
was made of i percent Palatine Red in each case, and the 
percentage of this left in the bath in each case is shown. 

(a) 6.84 percent hydrochloric, color left in bath 0.13 

percent of color used. 

(b) 15.26 percent oxalic, color left in bath 0.15 percent 

of color used. 

(c) 6.12 percent sulphuric, color left in bath 0.90 percent 

of color used. 

(d) 47.76 percent acetic, color left in bath 0.15 percent of 

color used. 

In this experiment hydrochloric, oxalic, and acetic acids 
exhaust equally, and the hanks are equally uneven, while 
sulphuric exhausts considerably less, and the hank is con¬ 
siderably less uneven. 

"This experiment and the preceding one indicate two 
things: 

“(i) That as a general law the even-dyeing quality of an 
acid is proportional to its addic intensity, and (2) that there 
is something abnormal in the action of sulphuric acid which 
causes it to act less energetically and to dye more evenly 
than its intensity figure indicates. What is the cause of this 
behavior of sulphuric acid? 
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‘‘It has been shown by Dr. Knecht that when wool is 
boiled with hydrochloric and sulphuric acids separately, the 
amount of sulphuric acid neutralized by the process is much 
greater than by hydrochloric.^ This tends to explain the 
matter, for if the free sulphuric acid is neutralized more than 
the other acids it will act less intensely by reason of its di¬ 
minished mass. The following experiment was made: 

“Four baths were prepared with the following equivalent 
quantities of the four commercial acids: Each bath was 
tested with caustic potash solution and phenolphthalein. A 
hank was then boiled three-quarters of an hour in each bath. 
The yarn had been first boiled in clean water, and rinsed 
in hot water to free it from soap or alkali. After the three- 
quarters of an hour boiling each hank was lifted, well wrung, 
and the drainings run back into the bath. Each bath was 
then tested with caustic potash as before, to find what pro¬ 
portion of the acid remained free in the bath. The hanks 
were finally dyed in neutral baths of i percent. Palatine 
Red, and the proportion of the color left in the bath was de¬ 
termined. The following are the figures: 


Percentage of acid reckoned on the 
weight of yarn 


Proportion of 
the free acid 
left in bath 
after boiling 


Proportion 
of color 
used, left 
in dyebath 


a. 11.4 percent hydrochloric acid 36 4 percent o 08 

h, 6.1 percent oxalic acid 35 5 percent o 30 

c, 5.0 percent sulphuric acid 26 6 percent o 90 

d, 23.8 percent acetic acid 60 i percent 5 25 


^ Dr Knecht’s figures are 


Original amount of acid employed 
Free acid left in solution after boiling the wool 
Free acid boiled out of the wool subsequently 
Acid absorbed or neutralized by wool 


IICl 

Percent 


7 94 
4 8 .^ 
2 39 
o 72 

7 94 


H2SU4 

Percent 

5 00 
I 40 

1 26 

2 M 

5 


vSee Jour. Soc. Dyers, 14, 105 (1888). 
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“This experiment shows that there is much less sulphuric 
left in the acid bath at the end of the boiling process than 
of hydrochloric or oxalic, and in the subsequent dyeing ex¬ 
periment the percentage of the color left in the dye bath by 
the sulphuric hank shows that much less free acid is carried 
away by the sulphuric hank than by the other two, otherwise 
its degree of exhaustion would be greater than oxalic. 

“The amount of sulphtuic neutralized must therefore be 
considerably greater than of any of the other acids tried. 

“Seeing then that sulphuric acid is neutralized, when 
boiled with wool, to a much greater extent than the other 
acids tried, it is brought into line again with the law of equilib¬ 
rium, and its apparently abnormal action, where it l)ehaved 
less actively than the weaker oxalic acid, is explained by its 
greatly diminished mass owing to neutralization.” 

These experiments of Hallitt’s show that sulphuric acid 
is adsorbed by wool- not neutralized - more completely than 
is hydrochloric acid, acetic acid or oxalic acid, and that conse¬ 
quently it cuts down the amount of color taken up by the 
wool. With hydrochloric, oxalic, and acetic acids, the degree 
of acidity is apparently the important factor and the effect 
due to adsorption does not show up strongly in these experi¬ 
ments though such an effect must be there and would be 
brought out by more careful experiments. For the case of 
sulphuric acid the effect due to the adsorption of the acid 
radical is so marked that it cannot be overlooked. Hallitt 
is not right, however, in saying that the ‘ apparently abnormal 
action, of behaving less actively than the weaker oxalic acid, 
is explained by its greatly diminished mass owing to neutraliza¬ 
tion.’ While the decrease in concentration of the solution 
is a factor, the really important one is the increase in the con¬ 
centration of sulphate in the wool.” 

There is another point in Hallitt’s paper, p. 36, which 
calls for comment. “ Then again, throughout this paper there 
runs the assumption that the color acid must be liberated 
before it can act on the yarn. I believe in all our thought 
on the subject this is taken for granted. It might be sup- 
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posed to follow from this that if used in a free state the color 
acid would dye the wool readily. But from hasty experi¬ 
ments made during the last day or two from samples kindly 
supplied to me by Mr. Turner, of Messrs. Read Holliday and 
vSons, I find that without any other acid the free acids of 
scarlet 2R and Orange G dye very feebly indeed, in fact they 
give hardly more than a stain, and not quite so deep a one 
as the neutral color salts. The addition of 3 percent of sul¬ 
phuric acid to the bath of free color acid causes the dyeing 
to go forward until only 1.25 percent of the color used is left 
ill the bath; and if an equivalent quantity of hydrochloric 
acid is used the bath is completely exhausted. With the free 
color acid of Cardinal Red similar results are obtained, with 
the excejition that in this case a belter shade is dyed with the 
color acid only, perhaps half the color being extracted from 
this bath. 

“This shows that the presence of free color acid in the 
bath is not of itself sufficient; and that the same dilTerence 
between the action of sulphuric and hydrochloric acids re¬ 
mains when there is no color salt to decompose. This ap¬ 
pears to emphasize the conclusion that the chief function of 
these assistant acids is to act directly on tlie wool fiber, in a 
way which prepares the wool to receive the acid colors rmil 
light is thrown on the nature of this action, I am afraid we 
shall not go very far in discussijig the theory of acid dyeing.” 

It is not necessary that the color acid must be liberated 
before it can act on the yarn. In special cases the wool itself 
may hydrolyze the salt and take up the acid. In a sense it 
may be said that this involves the setting free of the color 
acid; but this is not what Hallitt meant as is shown by the 
fact that he says that one would expect the color acid, if used 
in a free state, to dye wool readily. This would be a natural 
belief if we were dealing with the neutralization of an acid 
by a base, but we are not. Adsorption is specific. One 
substance will be adsorbed a good deal and another only 
slightly. In one case wool may be able to take the color acid 
out of an alkaline solution; in another it may take up the 
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color acid but slightly from an add solution. All I have 
claimed is that—excluding disturbing factors—the color acid 
will be taken up more completely the more add the solution 
and less completely the more alkaline the solution. Hallitt 
finds, as he should, that the free adds of Scarlet 2R and Orange 
G dye wool more completely when hydrochloric add or sul¬ 
phuric add is added to the solution. He finds, as he should, 
that 3 percent sulphuric add causes a less complete exhaustion 
of the bath than an equivalent quantity of hydrochloric 
acid because of the restraining effect due to the sulphate 
radical. The part, which I admit I do not understand, is the 
statement that the free acids of Scarlet 2R and Orange G do 
not give quite so deep a stain as the neutral color salts. There 
is something wrong here, possibly a difference of concentra¬ 
tion. This will have to be looked into; but there is undoubt¬ 
edly some factor, which has been overlooked by Hallitt, and 
which accounts for the apparent discrepancy. 

In the next paper I shall take up the case of basic colors. 
While the same principles hold, we have the complication 
of the free color base being instable in many cases, and this 
is an important enough phenomenon to warrant special 
treatment. 

The general results of this paper are: 

1. Dydng is in general a case of adsorption, though 
definite compounds may be formed in some special cases. 

2. The taking up of caustic soda or of hydrochloric 
acid by wool is due to adsorption and not to the formation 
of definite compounds between the base or acid and the fiber 
or any constituent of the fiber. 

3. In presence of a solution a fiber tends to adsorb 
everything in the solution in amounts varying with the nature, 
concentration, and temperature of the solution, and with the 
nature of the fiber. 

4. As a first approximation, we may assume Schulze’s 
law that wool adsorbs an inorganic ion more completely, the 
higher the valence of the ion. Schulze’s law is not to be 
taken as anything more than a first approximation. It does 
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not apply for instance to hydrogen and hydroxyl as ions, nor 
to dyes. 

5. Wool does adsorb sulphates more readily than 
chlorides or acetates. 

6. The adsorption of hydrogen as ion will tend to in¬ 
crease the adsorption of an acid radical while the adsorption 
of hydroxyl as ion will tend to increase the adsorption of a 
basic radical. 

7. From a mixed solution wool will tend to take up the 
most readily adsorbed cation and the most readily adsorbed 
anion rather than any other combination. 

8. An acid dye is taken up most readily in an acid solu¬ 
tion but may be taken up in a neutral or alkaline solution. 

9. A readily adsorbed anion decreases the amount of an 
acid dye taken up. 

10. A readily adsorbed cation increases the amount of an 
acid dye taken up. 

11. Since the sulphate radical is adsorbed readily by 
wool, addition of sulphuric acid will cause less of an acid dye 
to be taken up by wool than addition of an equivalent quantity 
of hydrochloric acid or than addition of isohydric hydro¬ 
chloric acid. 

12. Addition of sodium sulphate to a dyebath will cut 
down the amount of an acid dye taken up by wool and will 
consequently cause more level dyeing. 

13. Since chloride is adsorbed to some extent, addition of 
a large amount of sodium chloride will have something the 
same effect as adding a much smaller amount of sodium 
sulphate. With high concentrations of sodium chloride, 
solubility changes may be a disturbing factor and must be taken 
into account. 

14. It does not follow that an acid dye will necessarily be 
adsorbed readily in a slightly acid solution. The amount of 
adsorption for a given degree of acidity will depend on the 
nature of the acid dye. 

Cornell University 
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BY L. S. FINCH 

A cupric oxide jelly has been prepared by Foerster.' 
“If one adds an excess of ammonia to an aqueous solution 
of copper acetate and concentrates the deep blue solution on 
the water bath, one obtains acute-angled, beautifully violet- 
colored, piisms of copper acetate ammonia. There is always 
a precipitation of very finely divided copper oxide which, how¬ 
ever, can easily be kept down to a minimum. If one wishes to 
avoid even this minimum, copper acetate should be dissolved 
in 93 percent alcohol and alcoholic ammonia added. When 
the excess alcohol is distilled off, the copper acetate ammonia 
crystallizes in a perfectly pure state. The salt can easily be 
recrystallized from strong alcohol, separating in the form of 
short prisms or of acute octahedra. It can be dried over sul¬ 
phuric acid in a vacuum without decomposition. The com¬ 
position corresponds to the formula Cu(CH,3C02)>.2NH.3.’’ 

“ Copper acetate ammonia dissolves in a very small amount 
of water forming a deep blue solution. If it is placed in a bell- 
jar over water, it deliquesces in the course of time. If a solu¬ 
tion, prepared in either of these ways, be diluted, it sets to a 
light blue jelly, which changes in time to a fine powder.” 

The first thing to do was to duplicate Foerster’s results. 
Copper ammonium acetate was prepared by adding ammonia 
to a saturated solution of copper acetate and heating very 
carefully on the water bath to prevent the formation of cupric 
oxide. This last can be prevented partially by the addition 
of alcohol. The desired salt crystallizes in purple octahedra 
which were washed with 95 percent alcohol and dried in a 
desiccator over concentrated sulphuric acid. They were 
then allowed to deliquesce over water. More water was then 
added and the solution shaken, whereupon a blue jelly was 
formed. While the upper part of the jelly looked all right, 
there was a precipitate in the bottom of the beaker. After 

^ Ber. chem Ges. Berlin, 25, 3416 (1892). 
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the jelly had stood for an hour or so it broke down into a light 
blue, gelatinous precipitate and a dark blue supernatant 
liquid. This method of forming a jelly was slow and difficult. 
So the copper ammonium acetate was washed with 95 percent 
alcohol and dried in the air. Water was added directly to the 
crystals instead of indirectly by deliquescence, and the mix¬ 
ture shaken. During the shaking the solution solidified to a 
blue jelly which was quite as good as, if not better than, the 
jelly obtained by Foerster’s method. The jelly was not perma¬ 
nent and broke down, as before, into a bluish precipitate and a 
blue solution. When left in an open beaker the water evapo¬ 
rated slowly, leaving a dry residue which had the appearance, 
under the microscope, of small chestnut burrs If a little 
water is added to the dried mass and if the mixture is then 
shaken, the solution sets again to a jelly which before long 
breaks down as before. These o])erati(ms can be repeated ap¬ 
parently indefinitely. 

Thougli these jellies had the merit that they could be re¬ 
stored l)y adding water to the dried mass, which was not the 
case wnth the chromic oxide jellies, they had the disadvantage 
of not being permanent. I tried to remove this defect by 
further purifying the copper ammonium acetate, by adding 
varying quantities of winter, by keeping the jellies in a c'losed 
vessel or in a cool place. All these experiments ga\e nega¬ 
tive results, though keeping the jelly in a cool place seemed to 
make it a trifle more stable. 

Instead of adding ])ure water, a o 5 percent solution of 
gelatine was u,sed. This retarded the l:)reaking down of the 
jelly, but did not make it permanent. Next a 10 percent 
sugar solution was tried. This was a distinct improvement, 
since a jelly made with this stayed up over night and later 
dried to a syrup. Even this jelly could not be called perma¬ 
nent. 

When making the original copper ammonium acetate 
solution, it was noticed that the solution thickened all at 
once when the proper amount of ammonia w^as added, almost 
giving a jelly. It was, therefore, thought that perhaps one could 
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make a jelly direct from a copper acetate solution. Different 
amounts of ammonia were added to saturated solutions of 
copper acetate and suspensions were obtained which approached 
very closely to a jelly. This was markedly the case when using 
a supersaturated solution of cupric acetate. Substituting a 
ten percent sugar solution gave a better jelly, while gelatine 
seemed to have a tendency to precipitate the hydrous cupric 
oxide. None of these suspensions or jellies were really satis¬ 
factory because a gelatinous precipitate separated in time. 
They were quite as permanent, however, as those formed from 
copper ammonium acetate. Hence the only advantage of 
going through the copper ammonium acetate stage is to get 
the correct amount of ammonia automatically. 

Since manganese sulphate retards the change of the blue, 
hydrous cupric oxide into the black cupric oxide’ making the 
former fairly stable at ioo°, it was thought that perhaps this 
salt might have a beneficial effect on the jelly even though the 
difficulty here is not the formation of black oxide. A small 
amount of crystallized manganese sulphate was added to the 
copper acetate solution, which was then allowed to stand for a 
few minutes before the ammonia was added. It was found 
that the presence of manganese sulphate prevented the imme¬ 
diate precipitation of hydrous copper oxide and caused the 
slow formation of a permanent jelly. Experiments were then 
made to determine the best amounts of ammonia and of 
manganese sulphate to add. For each experiment 50 cc 
saturated copper acetate solution were taken. The ammonia 
was concentrated ammonia diluted with an equal volume of 
water. The data for varying amounts of ammonia are given 
in Table I. From the experiments in Table I it is clear that a 
permanent jelly is obtained only by keeping within the limits 
of 3-4 cc ammonia. Experiments were also made with 2.5 
cc and 3.0 cc ammonia but no manganous sulphate. In each 
case an immediate precipitate was formed which settled on 


' Tommasi; Bull. Soc. chim. Paris, [2] 37, 197 (1882); Comptes rendus,' 
99 > 37 (1884). 
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standing. In Table II are given data for varying amounts 
of manganous sulphate. These are not as accurate as they 
should be, because unfortunately care was not taken to be 
certain that all the manganese salt had dissolved before the 
ammonia was added • 


Table I 

50 cc saturated copper acetate solution; diluted ammonia 
(i : i); I gram crystallized manganous sulphate 


NHiOH 

CC 


2 

4 

6 

8 

2 

3 

4 

5 

2 5 

3 - 5 

4 - 5 
2 8 


3-2 
2 8 


Quality of deposit 


Light blue precipitate on standing 

Permanent blue jelly (slight brownish tinge) 

Gelatinous precipitate, solution brown 

Quick-settling precipitate, solution brown 

Light blue precipitate on standing 

Permanent light blue jelly 

Permanent blue jelly (slight brownish tinge) 

Gelatinous precipitate, settles slowly 

Jelly, not permanent; nearly colorless solution 

I\"nnanent light blue jelly 

Jelly, not permanent; brownish solution 

Jelly, not permanent 

Jelly, not permanent 

Permanent blue jelly 

Jelly, not permanent 


TABUi: II 

50 cc saturated copper acetate solution; 3 cc diluted ammonia 
(i : i); crystallized manganous sulphate 

MnS04.7ll20 Quality of deposit 


1.0 
3 O 

5 o 
10.o 
7.0 
4.0 
0-5 
0.2 


Fair jelly 

Fair jelly but settles somewhat in two days 

Jelly, not permanent 

Jelly, not permanent 

Jelly, not permanent 

Jelly, not permanent 

Permanent blue jelly (excellent) 

Permanent jelly but darker colored at bottom 
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From the experimentvS in Table II we see that the best 
results are obtained with about 0.5 gram manganous sulphate. 
Increasing the amount of ammonia or decreasing the amount 
of manganous sulphate darkens the color of the jelly. 

It had been assumed that the manganese radical was the 
effective one in making the cupric oxide jelly permanent and 
consequently still better results were expected from manganous 
acetate. This anticipation proved ill-founded. Manganese 
acetate gave rise to a mushy suspension which was not a jelly. 
ManganCvSe nitrate, carbonate, phosphate, and oxalate were 
added to the solutions and had no beneficial effect. When 
one gram manganous chloride was added, a very good light 
blue suspension was obtained but no jelly. With lower con¬ 
centrations of chloride, the precipitate settled more rapidly. 
The sulphate is thus the only salt which causes the formation 
of a jelly when added to an acetate solution. 1'he chloride 
prevents immediate precipitation but the suspended particles 
do not coalesce to form a jelly. 

These experiments raised the suspicion that the manganese 
radical was not the important factor, in which case the sulfihate 
radical must be. This appeared to be negatived by the fact 
that copper sulphate does not give a jelly when treated with 
ammonia. It behaves like copper nitrate or cupric chloride. 
It was thought a good plan to try experiments with a solu¬ 
tion containing as few ions as possible and consequently 
hydrous copper oxide was formed from copper nitrate, copper 
sulphate, and copper acetate solutions. The different pre¬ 
cipitates were filtered and washed as clean as possible from ad¬ 
sorbed material. They were then dissolved in ammonia 
which does not take place readily and the ammonia removed 
by means of a suction pump. No jellies were obtained, the 
hydrous copper oxide reprecipitating as the ammonia was re¬ 
moved. 

The sulphate problem was therefore attacked again. 
The easiest way to reconcile the good effect of manganous 
sulphate with the fact that copper sulphate gave no jelly was 
to postulate that a small amount of sulphate was beneficial 
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while a large amount was not. Adding manganous acetate 
and a few drops of sulphuric acid gave rise to a good jelly 
when ammonia was added. This differed from the earlier 
experiments in that the manganese and the sulphate were no 
longer present in equivalent quantities. I then discarded the 
manganese salt and added sulphuric acid in small amounts 
to the copper acetate solutions. The experiments were suc¬ 
cessful. On adding ammonia, good permanent jellies were 
obtained which were of a lighter blue than when manganese 
was present. When the.se jellies were allowed to stand for 
several weeks in open l 3 eakers, they dried to a powder which 
resembled chestnut burrs in appearance. When shaken with 
water a solution was formed which set to a permanent jelly. 
The process could be repeated once more, and probably in¬ 
definitely. The best jelly was obtained l)y taking 50 cc satura¬ 
ted copper acetate solution, four dro])s of concentrated sul¬ 
phuric acid, and 3 5 4 o cc diluted ammonia (T : i). With 
two drops of sulphuric acid the jelly was not permanent 
though (or liecausej it formed more rapidly than when drops 
of acid were used. With more than ten drops of acid, the jellies 
were not good. Addiii'^ hydrochloric acid instead of sul¬ 
phuric acid was not successful. On the other hand, potas.sium 
sulphate gave as good a jelly as sulphuric acid. 

From all this, it seemed to follow that a suitable mixture 
of copper acetate and copper sulphate solutions should yield a 
good jelly though neither of them will do so separately. I 
mixed 47 cc saturated copper acetate solution with 3 cc satura¬ 
ted copper sulphate solution and added ammonia. Duplicate 
experiments were made and jellies were oljtained which stood 
up admirably for a week and then broke down suddenly 
It is probable that other mixtures would have been really 
permanent, but there was not time enough in which to try 
this. 

The general results of this paper are: 

I. When copper ammonium acetate is shaken with water, 
a jelly is formed which is not permanent. If the decomposed 
jelly is allowed to evaporate to dryness and the residue is 
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shaken with water, a jelly is formed which is also not perma¬ 
nent. The process can apparently be repeated indefinitely. 

2. When copper ammonium acetate is shaken with a ten 
percent sugar solution, a somewhat more stable jelly is formed. 

3. It is not necessary to start with copper ammonium 
acetate. The same results can be obtained by adding a suita¬ 
ble amount of ammonia to a saturated copper acetate solu¬ 
tion. 

4. No jelly is obtained by adding ammonia to a copper 
sulphate, copper nitrate, or cupric chloride solution. 

5. If a small amount of manganous sulphate be added to 
a saturated copper acetate solution, a permanent jelly is ob¬ 
tained on adding a suitable amount of ammonia. 

6. The amount of ammonia must be kept within fairly 
narrow limits. 

7. The jelly is darker in color with high concentrations 
of ammonia or low concentrations of manganous sulphate. 

8. Other manganous salts do not act like the sulphate, 
though the chloride comes nearest to it. 

9. It seems probable that the manganese radical 
has little or no effect in making the jellies permanent but that 
a low concentration of sulphate is the important thing. 

10. The manganous sulphate can be replaced success¬ 
fully by sulphuric acid or by potassium sulphate. 

11. It did not prove possible to substitute hydrochloric 
acid for sulphuric acid. 

12. A mixture of 47 parts of saturated copper acetate 
solution and 3 parts saturated copper sulphate, when treated 
with ammonia, gave a jelly which stood up for a week. By 
changing the ratio, it is probable that a permanent jelly could 
be obtained. 

13. If a permanent jelly, containing sulphate, be allowed 
to dry to a powder, a permanent jelly can be regenerated by 
shaking*the dried mass with water. 

14. The best jelly was made by mixing 50 cc saturated 
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copper acetate, 4 drops of concentrated sulphuric acid, and 
3-4 cc diluted ammonia (i ; i). 

15. It was not possible to prepare a jelly by dissolving 
washed hydrous cupric oxide in ammonia and removing the 
ammonia with a suction pump. 

This investigation was suggested by Professor Bancroft 
and has been carried Jon under his supervision. 

Cornell University 



EXPERIMENTS ON EMULSIONS 

BY F. R. NEWMAN 

The object of this investigation was: to study the nature 
of emulsions and to identify the phases; to prepare emulsions 
of benzene and similar substances in water and of water in 
benzene, etc., determining the proper conditions for the prepa¬ 
ration of each type of emulsion. Except when otherwise 
stated, all the emulsions were made up in loo cc bottles and 
at ordinary temp)erature. In the early experiments the bot¬ 
tles were shaken by hand; but later the liquids were emulsified 
by shaking them violently in a shaking apparatus for periods 
of time varying from one minute to an hour and a half. The 
shaker was operated by a i/'8 H. P. induction motor and was 
so constructed and geared that two bottles at a time were 
shaken up and down in a vertical plane at the rate of approxi¬ 
mately 360 complete oscillations per minute. The amplitude 
of the oscillations was about two inches. No experiments 
were made to find out the best form of shaker and consequently 
the re.sults obtained apply only to the apparatus used. If a 
small homogenizer had been available, it is practically certain 
that better emulsions would have been obtained and over a 
wider range. Unfortunately, no such piece of apparatus is 
on the market. 

Three methods may be used for determining which of 
two liquids is the external phase in an emulsion: the inspec¬ 
tion method, the indicator method, and the drop method. 
Determination by inspection is unreliable and unsatisfactory, 
especially when the liquids are the same color. It should 
only be relied upon in the simplest cases. Robertson' has 
applied the indicator method to emulsions of olive oil and 
water, using the red dye, Soudan III, which is insoluble in 
water but readily soluble in oils. “On sprinkling a few 
grains of Soudan III upon the surface of an emulsion of water 
in oil, the color spreads rapidly over the surface. If, ’how- 


^ Zeit. Kolloidchcmiu, 7, 7 (1910). 
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ever, one sprinkles the vSoudan III upon an emulsion of oil 
in water, the color remains confined to the droplets of oil 
with which the grains are in actual contact, since it cannot 
spread from them to adjacent drops throughout the inter¬ 
vening water.” 

Iodine is soluble in benzene and similar substances but 
insoluble in water, while methyl orange is soluble in water 
and insoluble in benzene. The iodine solution in benzene 
has a pink color while the methyl orange imparts an orange- 
yellow color to a water solution. vSmall amounts of iodine 
and methyl orange added to emulsions of benzene and water 
give a fairly satisfactory method of determining which is the 
external and which the internal phase. I did not find the 
indicator method so generally satisfactory as Robertson did 
and I made most use of the drop method, worked out by Mr. 
T. R. Briggs. This highly satisfactory method of distin¬ 
guishing the phases is carried out in the following way: A 
small drop of an emulsion, of benzene and water for instance, 
is placed on a glass plate by means of a glass rod. A drop of 
water is placed on the drop of emulsion and the two stirred 
together. If the emulsified globules spread in the water, 
it is an emulsion of benzene in water; but if there is no spread¬ 
ing, it is an emulsion of water in benzene. I'his result can be 
checked by adding a drop of benzene to a drop of emulsion 
and vStirring as before. If the globules spread, the emulsion 
is one of water in benzene; but if not, we have an emulsion of 
benzene in water. The principle involved is that one can 
dilute an emulsion by adding more of the external phase. 
This method worked admirably in all my experiments on 
emulsions. It has the advantage of being a general method, 
applicable to all emulsions. 

Two methods w’^ere tried of making emulsions of benzene 
in water. In the first method the whole of the benzene was 
added at once to the mixture of water and protective colloid, 
and the contents of the bottle were then shaken by hand. In 
the second method the benzene was added a little at a time, 
the flask being shaken vigorously after each addition. 



36 


F. R. Newman 


In the set of experiments now to be described, all the ben¬ 
zene was added at once. Mixtures having a total volume of 
40 cc were made up in 60 cc bottles, containing 5, 10, 30, 30, 
40, 50, 60, 70, 80, 90 and 95 percent of benzene by volume and 
I cc of I percent sodium oleate as protective colloid, the bal¬ 
ance being water. These mixtures were shaken by hand 
for five minutes and then examined. In each case an emul¬ 
sion of benzene in water was formed; but the different mix¬ 
tures behaved differently on standing. With the 5, lo, 20, 
30 and 40 percent benzene mixtures an ever-increasing amount 
of a creamy, emulsion layer formed and rose to the top, leav¬ 
ing a thin, dilute suspension of drops of benzene in water as a 
bottom layer. With the other mixtures there were three lay¬ 
ers formed: a clear upper layer of benzene; then a creamy, 
emulsion layer, decreasing in thickness with the higher ben¬ 
zene concentrations; and below this the thin dilute suspension 
of drops of benzene in water also decreasing in amount with 
higher concentrations of benzene. Up to 40 percent all the 
benzene was emulsified; but this was not the case for 50 
percent and more of benzene. The emulsions remained as 
described for forty-eight hours, at the end of which time an 
upper layer of benzene began to appear on the 30 percent and 
40 percent benzene mixtures. In the course of a week a thin 
layer of benzene appeared on all the solutions, but did not 
seem to increase after that, contrary to Pickering’s experi¬ 
ments. 

The next experiments dealt with the effect of varying the 
concentration of sodium oleate. A run was made with 10 
cc of a I percent sodium oleate instead of i cc. Instead of 
using a constant amount of sodium oleate, a solution was made 
up of I cc of a I percent sodium oleate in 23 cc water, and the 
required concentrations of benzene obtained by adding this 
solution in suitable amounts. The 40 percent benzene mix¬ 
ture then had the same concentration of sodium oleate as in 
the first run, the more dilute benzene mixtures containing 
more sodium oleate and the more concentrated benzene mix¬ 
tures less sodium oleate than in the first run. Still another 
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run was made by adding to benzene var)dng amounts of a 
solution consisting of lo cc water plus lo cc of a i percent 
sodium oleate solution. The varying concentration of sodium 
oleate has a relatively slight effect on the break-down point, 
or point where the benzene layer appeared, the change always 
occurring between the 40 percent and 50 percent benzene 
mixtures. More careful measurements showed an effect 
due to the concentration of the soap. Using i cc i percent 
sodium oleate and shaking 40 cc mixtures for one minute in 
60 cc bottles, the break-down point was found to be between 
45 percent and 46 percent benzene by volume. With other 
conditions the same, but using 10 cc 1 percent sodium oleate, 
the break-down point was found to lie between 46 percent 
and 47 percent benzene. With increasing amount of sodium 
oleate, the lower or water layer became more cloudy. The 
intermediate creamy layer in the higher benzene concentra¬ 
tions decreased in thickness with decreasing concentration 
of sodium oleate. 

Some experiments were made, varying the order in which 
the benzene, water and soap solution were mixed; but no 
appreciable effect was noted. One run was made at 50°, 
adding 5 cc of a i percent sodium oleate solution; but the tem¬ 
perature effect seemed to be negligible within this range. 

Experiments were then made to see whether the size and 
shape of the container had any effect. A 40 percent benzene 
mixture (8 cc benzene + 12 cc of a i percent sodium oleate 
solution) and a 30 percent mixture (6 cc benzene -f- 14 cc of 
a I percent sodium oleate solution) were placed in test-tubes 
and shaken by hand. The results were quite different from 
the preceding 5 nes, both the 30 percent and the 40 percent 
mixture showing a clear, upper layer of benzene. Four 40 
cc samples were now made up in 100 cc bottles as follows: 

1. 50 percent benzene (20 cc benzene -f- 20 cc o.i per¬ 
cent soap). 

2. 50 percent benzene (20 cc benzene -f 20 cc 0.5 per¬ 
cent soap). 
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3. 50 percent benzene (20 cc benzene + 20 cc i percent 
soap). 

4. 60 percent benzene (24 cc benzene + 16 cc i percent 
soap). 

Nos. I and 2 showed no benzene layer and No. 4 did, 
these results being like those obtained with the 60 cc bottles. 
On the other hand there was no benzene layer with No. 3. 
We thus have the 30 percent benzene mixture showing a ben¬ 
zene layer when shaken in test-tubes, the 50 percent mixture 
when shaken in 60 cc bottles and the 60 percent mixture 
when shaken in 100 cc bottles. Under given conditions of 
shaking, the appearance of the emulsion may vary markedly 
with the size and shape of the container. 'I'his is probably 
nothing more than an indirect effect due to actual differences 
in the degree of mixing. The narrow test-tube is clearly the 
least satisfactory form and a given amount of liquid can 
obviously be shaken more thoroughly and more easily in a 
100 cc flask than in a 60 cc one. 

A series of runs were now made in which the benzene was 
added in portions and the flask shaken by hand after each 
addition. For convenience of reference let A denote mix¬ 
tures having a creamy emulsion and a water layer below; 
let B denote mixtures with an upper, clear layer of benzene; 
and let C denote mixtures which form an apparently homo¬ 
geneous emulsion with no second layer visible. 

To 10 cc I percent sodium oleate -f 10 cc H2O in a 60 
cc flask then were added successively 14, 2, 1, i, i, i, and i cc 
benzene, the flask being shaken for one minute after each ad¬ 
dition of benzene. The initial concentration was about 41 
percent benzene and the final concentration about 51 percent 
benzene. All solutions belonged to type A. To 5 cc i per¬ 
cent soap in a 60 cc flask there were added successively, 3,3,3, 
2, 3, 5, 5, 5, 5, and 10 cc benzene, the bottle being shaken for 
one minute after each addition. The first emulsion contained 
37.5 percent benzene and was of type A; the last contained 89.6 
percent benzene and was of type C. Several other similar runs 
were made, varying the amount of soap used, but this seemed 
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to have very little effect. Decreasing the time of shaking 
after each addition to ten seconds also had no appreciable 
effect. The break-down point can evidently be displaced 
to above 90 percent benzene, the most important factor in 
raising the break-down point being to add benzene in rela¬ 
tively small amounts at the start. 

Emulsions were next made up of type B and water was 
added to these little by little to see if the emulsion would 
change to type A. This could be done in each case; but the 
point at which this change occurs varies with varying condi¬ 
tions, and seems to be a function of more than one variable. 

The experiments given in Table I were made in 60 cc 
bottles and the bottles were shaken by hand for one minute 
after each addition of benzene or water 


Table 1 

'I'o 5 oc 1 percent sodium oleate solution 


Add 8 cc benzene 

61.5 percent 

B 

2 cc water 


A 

Add 12 cc benzene 

70 6 

B 

1 cc water 

66 6 

A 

Add 13 cc benzene 

72 2 

B 

1 cc water 

68 4 

n 

I cc water 

65 0 

B 

T cc water 

61 9 

A 

Add 20 cc benzene 

80 0 


1 cc water 

76 9 

B 

I cc water 

74 i 

B 

I c'c water 

71 4 

A 


When I cc i percent sodium oleate and 4 cc water were 
taken and 12 cc benzene added, the emulsion was still of the 
B type after the addition of 8 cc water (48 o percent Ijenzene) 
and only changed to the A type on adding 10 cc water (44 4' c 
benzene). Decreasing the soap concentration seems to change 
the break-down point under these conditions from about 67 
percent benzene to about 45 percent benzene. 

Several runs were now made in 100 cc bottles. 'Phis 
permitted more efficient shaking and gave rise to very differ¬ 
ent results. The efficiency of emulsification was increased 
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and also the stability of the emulsions. The final emulsions 
were perfectly homogeneous (type C) and showed no tendency 
to separate into layers in the course of several months. As 
has been found by others, it is best to begin with a small 
amount of the liquid to be emulsified; after some emulsion is 
formed it is possible and apparently desirable to make addi¬ 
tions at increasing rates. The flasks were shaken for one min¬ 
ute after each addition. To 2 cc 5 percent sodium oleate 
solution there were added successively, 2, 2, 4, 6, 6, 8, 8, 8, and 
10 cc benzene giving a homogeneous emulsion of benzene in 
water, and containing 96,4 percent benzene by volume. To 
2 cc 5 percent sodium oleate solution there were added suc¬ 
cessively, 4, 4, 8, 12, 12, and 16 cc benzene, giving a homo¬ 
geneous emulsion containing 96.6 percent benzene. To 2 
cc 5 percent sodium oleate solution there were added succes¬ 
sively, 4, 8, 16, and 24 cc benzene giving a homogeneous 
emulsion containing 96,3 percent benzene. To 2 cc 5 per¬ 
cent sodium oleate solution there were added successively, 
4, 10, and 40 cc benzene, giving a homogeneous emulsion con¬ 
taining 96.4 percent benzene. The stiffness of these emul¬ 
sions increased with increasing rapidity of addition of ben¬ 
zene, the last being the stiffest. The last portions of benzene 
are emulsified more rapidly than the first portions. 

Since better results were obtained in a 100 cc flask than 
in a 60 cc flask, one run was made in a 250 cc flask. The re¬ 
sults exceeded all expectations, the emulsion being the stiffest 
one obtained. To 2 cc 5 percent sodium oleate solution 
there were added successively, 5, 10, 15, 20, 20, 20, 20, 30, and 
50 cc benzene, giving a homogeneous emulsion cohtaining 
99.0 percent benzene by volume. We have here 190 cc ben¬ 
zene emulsified in 2 cc of a 5 percent soap solution. To put it 
another way, the emulsion consists of 99 volume percent of 
benzene and i volume percent of water, with 0.05 g sodium 
oleate as emulsif)dng agent. In other words, 99 cc benzene 
and I cc water can be converted into a stiff jelly by a little 
over 0.05 percent by weight of sodium oleate. This is not 
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quite as good as Pickering’s famous jelly, ^ which consisted of 
99 percent kerosene by volume and one percent of a one per¬ 
cent soap solution; but it is of the same order. 

Using a 5 percent solution of hard soap instead of sodium 
oleate, a 99 percent benzene emulsion was obtained, shaking 
by hand. To 2 cc 5 percent hard soap solution there were 
added successively, 5, 10, 15, 20, 20, 20, 20, 30, and 50 cc 
benzene. The resulting homogeneous emulsion was even 
stiffer than that obtained with sodium oleate alone; but it 
did not stand up so well. In the course of four or five days, this 
emulsion cracked, disintegrating gradually until there were 
merely flocculent massc's suspended in clear benzene. On 
the other hand, the emulsion made with sodium oleate was 
quite unchanged at the end of six weeks This may give a 
clue to a discrepancy between Pickering’s results and mine. 
Pickering' says that “once de-emulsification has started, 
it progresses at an increasing rate." 'I'his has not been my 
experience; and it is quite possible that Pickering’s conclu¬ 
sions are not general ones, but apply merely to the particular 
emulsifying agent that he was using a potash soap 

.Since the character of the emulsions varied so markedly 
with the degree of shaking, all subsequent experiments were 
done with the power .shaker previously referred to. The ef¬ 
fect of prolonged shaking was then tested, the conditions of 
each experiment being; i cc 5 percent sodium oleate solution; 
final volume of solution, 40 cc; benzene added in portions; 
total time of shaking, 90 minutes. The details are given in 
Table II. The emulsions containing 10-70 percent benzene 
were all of the A type with a continuously-increasing amount 
of cTeamy emulsion at the top and a continuously-decreasing 
layer at the bottom, consisting of a thin dilute suspension of 
drops of benzene in water. There was no break-down point 
and no emulsions of type B with a clear layer of benzene at 
the top. When the concentration of benzene reached eighty 


Pickering: Jour. Chem. vSoc., 91, 2002 (1907). 
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Table II 

Total volume, 40 cc; i cc 5 percent sodium oleate; total time 
of shaking, 90 minutes 



■ 


■=•--=-- - - 

- —r—-- -- 


Water, 35 cc 

Water, 3 ICC 

Water, 

27 cc 

Benzene 


Benzene 


Benzene 


10 per cent 

Minutes 

20 per cent 

Minutes 

30 per cent! 

Minutes 

added 

shaken 

added 

shaken 

added i 

shaken 

in cc 


in cc 


in cc 


I 

5 

1 

5 

2 

5 

I 

5 

I 

5 

2 

5 

1 

10 

I 

10 

2 I 

10 

I 

70 

I 

10 

2 i 

10 

— 

— 

I 

10 

I 

10 

— 

— 

I 

10 

I 

10 

— 

— 

I 

10 

I 

10 

— 

— 

I 

30 

I 

30 

Water, 23 cc 

Water, 19 cc 

Water, 

15 cc 

Benzene 


Benzene 

■ 

Benzene 


40 per cent 

Minutes 
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percent, the lower liquid layer disappeared and we had a 
homogeneous emulsion of type C. Further runs were made, 
starting with 5 cc 5 percent sodium oleate and with 10 cc 5 
percent sodium oleate. About the only difference to be ob¬ 
served is that the watery lower layer is more opaque the higher 
the concentration of sodium oleate. It was not possible to 
obtain homogeneous emulsions with 70 percent benzene or 
less, even by shaking them every few days, though this did 
decrease the lower liquid layer somewhat. 

In an attempt to obtain homogeneous emulsions with 
lower benzene content, I started with 10 cc of a 97 percent 
solution, adding successively, 2, 2, 2, and 2 cc water, shaking 
for ten minutes after each addition. The final mixture (54 
percent benzene) did not remain homogeneous^ but separated 
into two layers. To 10 cc of a 97 percent emulsion I added 
successively, 3. 3, 3, and 3 cc water, shaking for ten minutes 
after each addition. This mixture (44 4 percent benzene) 
separated into three layers (type B). To 10 cc of a 97 percent 
emulsion I added 10 cc of a 5 percent sodium oleate solution 
in I cc lots, shaking for 10 minutes after each addition. This 
mixture (48.5 percent benzene) separated into two layers 
(type A). 

A few experiments were next made to see how the max¬ 
imum amount of benzene in a homogeneous emulsion varied 
with varying concentrations of vSodium oleate. To 1 cc 5 
percent sodium oleate solution there were added successively, 
^ 2, 3, 5, 3, 5, 10, 10, 20, 30, 25, and 10 cc benzene. The 
last addition was too much, the excess of benzene separating 
while the emulsified mass remained apparently unchanged. 
We thus have a homogeneous emulsion at 99. i percent and an 
inhomogeneous one at 99 2 percent Vienzenc by volume. 
To I cc I percent sodium oleate solution there were added 
successively, 1,1, i, 2, 3, 10, 10, 10, and 20 cc benzene. Free 
benzene appeared on the last addition, the emuhsion being 
homogeneous at 97.6 percent benzene and inhomogeneous at 
98.4 percent benzene. Cutting down the amount of sodium 
oleate to two-fifths apparently decreases the permissible hen- 
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zene content about one percent. In this last experiment we 
have 0.02 g sodium oleate converting about 98 cc benzene and 
2 cc water into a jelly. 

In emulsions of type A with a lower, watery layer, this 
lower layer is a homogeneous emulsion containing very little 
benzene. It seemed desirable, therefore, to learn something 
about its composition and to prepare such a watery emulsion, 
if possible, without any of the creamy emulsion being present. 
In the following experiments. Table III, I started with 5 cc 
5 percent sodium oleate solution and added varying amounts 
of water and benzene, the total volume being kept at 40 cc: 

Table III 

Total volume, 40 cc; 5 cc 5 percent sodium oleate solution 


Water 

Benzene 

Benzene ! 

Water 

Benzene | 

Benzene 

cc 

cc 

Percent ' 

! 

cc 

, cc 1 

Percent 

330 

2.0 

5 

. 34 6 

0 4 j 

1.0 

33-4 

1.6 i 

4 1 

34.68 

0 32 j 

0 8 

33-8 

I .2 


34-8 

0.2 

0 5 

34-2 

0 8 

2 1 

-- 

1 

— 


The last mixture formed a homogeneous emulsion; but 
all the others separated into two layers (type A). This shows 
that a thin but homogeneous emulsion can be obtained for 
percentages of benzene running up to somewhere between 
0.5 and 0.8 percent benzene, whereas two layers formed for 
concentrations of 0.8 percent benzene and higher. At the 
other end of the scale, homogeneous emulsions can be formed 
when the concentration of benzene exceeds about 80 percent, 
but no homogeneous emulsions were obtained with the inter¬ 
mediate concentrations. This had not been foreseen at all; 
but the explanation is easy to find. 

Theoretically, it must be possible to form homogeneous 
emulsions with practically any volume percentage of benzene 
and the trouble must be with the shaking. Unless the globules 
of emulsified benzene are very small, the Brownian movements 
will not be sufficient to keep the drops distributed uniformly 
throughout the liquid. The larger globules will rise to the 
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surface, forming a creamy upper layer. The emulsion will 
consist apparently of this layer alone when the water layer is 
present only in the pores. People have calculated that 
spherical globules will touch when they occupy 74 percent* 
of the total volume. One might reasonably expect some 
dripping until a somewhat higher concentration is reached, 
and the limiting value of about 80 percent benzene by volume, 
as shown by my experiments, is about what one might have 
expected. With more efficient emulsifying nothing of this 
sort will take place and we shall have a continuous series of 
homogeneous emulsions, which will be very fluid at the low 
benzene concentrations and which will become more viscous 
with increasing benzene concentration. My own work with 
the power shaker shows that the appearance of an upper 
benzene layer, at any rate, at concentrations below 98 percent 
benzene, is merely the result of insufficient emulsification. 

When a homogeneous 95 percent benzene emulsion was 
frozen and thawed, the emulsion cracked and the change was 
apparently irreversible, for the emulsion could not be restored 
by shaking. The cracking of the emulsion is due to the rup¬ 
turing of the soap films around the globules. The irreversi¬ 
bility is probably only apparent, and due to the coagulated 
sodium oleate not redissolving readily in water. 

No emulsions of water in benzene were obtained with 
sodium oleate as emulsifying agent. Some experiments 
were also made with other lyophile colloids, such as haemo¬ 
globin, laemoid, pepsin, peptone, dextrin, etc. These all 
gave emulsions of benzene in water and seemed not to bring 
out anything new. Before going on with experiments to pre¬ 
pare emulsions of water in benzene I decided to try some ex¬ 
periments with olive oil and water, because Robertson^ had 
apparently obtained emulsions of water in oil as well as of oil 
in water by adding caustic soda. In the first run, Table IV, 
I cc of 2.5 A/^ NaOH was added in each case and varying amounts 


^ Wa. OvStwald Zeit. Kolloidchemie, 6, 108, 7, 64 (1910) 
^ Zeit. Kolloidchemie, 7, 7 (1910) 
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Table IV 

Total volume, 50 cc; i cc 2.5 AT NaOH; time of shaking, 10 


minutes 

Oil 

Oil 

Water 

Oil 

Oil 

‘ Water 

per cent 

cc 

cc 1 

1 per cent 

cc 

cc 

98 

49 

_ 

20 

10 

’ 39 

96 

48 

I 

10 

5 

44 

92 

40 

3 1 

i 5 

2 5 

46 -5 

90 

45 

4 

3 

1-5 

47 .S 

88 

44 

7 

1 

5 

48 5 

50 

25 

24 

— 

— 

- 


of oil and water, the total volume being always 50 cc. The 
flasks held 100 cc and the mixtures were shaken for 10 minutes 
in the power shaker. The mixture containing 0.5 percent 
oil was a fluid emulsion of oil in water and the one percent 
mixture showed traces only of a creamy emulsion. Mixtures 
containing 3 50 percent oil were of the type called A, with an 
increasing amount of a creamy emulsion of oil in water. At 
88 percent and 90 percent oil we have a homogeneous creamy 
emulsion of oil in water. At 92 percent we apparently get 
four layers, a narrow yellow upper layer which has the appear¬ 
ance of being a foam of air in oil; a yellow almost clear liquid, 
which is what Robertson called an emulsion of water in oil; 
the creamy emulsion of oil in water; and the thin emulsion 
of oil in water which forms the lower layer in the emulsions 
containing 3 50 percent oil. This layer has disappeared en¬ 
tirely in the 96 percent emulsion and the creamy emulsion dis¬ 
appears in the 98 percent mixture, leaving only the foam and 
the so-called emulsion of water in oil. h'urther experiments 
convinced me that we get no emulsions of water in oil with 
caustic soda as emulsifying agent. What Robertson thought 
was an emulsion of water in oil is merely a cracked emulsion 
in which the appearance of the oil is changed by the pres¬ 
ence of solid sodium oleate, etc. When ptire oil is shaken 
with solid sodium oleate, we get about the same appearance. 
Robertson’s test with Soudan III proves nothing because it 
is not denied that oil is the external phase. It is merely denied 
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that we have here an emulsion at all, in the sense of a coated 
drop of one liquid suspended in another liquid. 

Another run was made with i cc 0.5 TV NaOH. The 
general result was the same; but the 94 percent mixture formed 
a homogeneous creamy emulsion instead of the 88-90 per¬ 
cent mixtures, and there were three layers (type B) in the 90 
percent and the 96 percent mixtures. With 3 cc 5 percent 
sodium oleate the homogeneous, creamy emulsions contained 
80-86 percent oil. With 5 cc 5 percent hard soap the results 
were identical with those obtained with sodium oleate except 
that the homogeneous emulsions were a little stiffer and that 
there was more foaming with the lower oil concentrations. 

Starting with 2 cc olive oil and 2 cc 5 percent sodium 
oleate, it was possible to get homogeneous emulsions varying 
from 76 percent oil up to 96 8 percent oil by adding oil, por¬ 
tions at a time and at different rates. Starting with i cc oil 
and I cc 5 percent sodium oleate, a homogeneous emulsion 
was obtained containing 99.3 percent oil. Heating mixtures 
before shaking seemed to have no effect other than to increase 
the amount of foaming. If I were arranging the emulsifiers 
in the order of efficiency, I should put hard soap first, then 
sodium oleate, with sodium hydroxide last. 

Having shown that no water in oil emulsions are formed 
with hard soap, sodium oleate, or caustic soda, I came back 
to the problem of emulsifying water in benzene. To obtain 
emulsions of benzene in water, protective colloids were used 
which were soluble in water only. Consequently, it was neces¬ 
sary to use colloids which were .soluble in benzene and insolu¬ 
ble in water, if one wished to emulsify water in benzene. Some 
of the colloids tried were: crude rubber (0.2 percent sol.); 
paraffin (2 percent); rosin (5 gram per 100 cc); sulphur (con¬ 
centrated sol.); solutions of various rcvsins: lard; butter; oleic 
acid. In nearly every case it was evident that there was a 
tendency to form emulsions of water in benzene; but the emul¬ 
sions were very instable and cracked soon, so that something 
better had to be found. 

Soaps of magnesium, zinc, nickel, and calcium were pre- 
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pared by precipitating these oleates from a scdution of sodium 
oleate. These soaps were dissolved in benzene and were then 
used as protective colloids. These colloids give promise of 
good results. It was soon seen that the magnesium oleate 
was the most satisfactory and consequently nothing more than 
preliminary experiments were made with the others. Start¬ 
ing with a mixture containing 20 percent water and 5 cc of a 
concentrated solution of magnesium oleate in benzene, it was 
possible to prepare an emulsion of water in benzene. On 
adding water to this little by little, the water content could be 
run up to 80 percent before the emulsion cracked. The emul¬ 
sions are homogeneous only between 75 per cent and 80 per¬ 
cent water. At lower concentrations two liquid layers were 
formed just as in the case of the sodium oleate emulsions of 
benzene in water. The homogeneous emulsions were moder¬ 
ately stable, standing up for several days without cracking. 

It was next discovered that the addition of a small amount 
of sodium oleate solution made the emulsion of water in ben¬ 
zene much more stable. Within certain limits there was no 
tendency to form emulsions of benzene in water. The data 
in Table V show that the change to emulsions of benzene 

TablB V 

Total volume, 40 cc; 5 cc cone. Mg oleate in benzene; 15 cc 
benzene; percentage water, 50; time of shaking, 10 minutes 


Water 

Sodium oleate 

Type of emulsion 

19 CC 

I CC (r percent) 

Water in benzene 

18 cc 

2 cc (1 percent) 

Water in benzene 

17 cc 

3 cc (i percent) 

Water in benzene 

19 cc 

1 cc (5 percent) 

Water in benzene 

18 cc 

2 cc (5 percent) 

Water in benzene 

16 cc 

4 cc (5 percent) 

Water in benzene 

14 cc 

6 cc (5 percent) 

Benzene in water 

10 cc ' 

10 cc (5 percent) 

Benzene in water 


in water occurs only when 6 cc of 5 percent sodium oleate solu¬ 
tion have been added. These 50 percent emulsions formed 
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two liquid layers at once; but there was no apparent further 
change after standing five weeks. 

A number of experiments were made to see how high the 
water content could be brought in a homogeneous emulsion. 
I started with 5 cc cone, magnesium oleate + i cc 5 percent 
sodium oleate + 4 cc water. This was shaken vigorously and 
water was added in 2 cc lots until 50 cc had been added. This 
gave a stiff, homogeneous emulsion, containing about 92 per¬ 
cent water by volume. This emulsion stood up for two 
weeks before it cracked. The same original mixture was taken 
and water added in 2 cc lots as before; but i cc 5 percent 
sodium oleate was added after each 10 cc water The result¬ 
ing 92 percent emulsion was the most stal)lc one obtained 
with a high water content. At thi^ end of two months, it was 
apparently unchanged. This run was repeated in a 250 cc 
flask instead of a kx) cc bottle and water was added until the 
emulsion cracked. A homogeneous emulsion was obtained con¬ 
taining 96 percent water. These emulsions with high water 
content are quite instable, as a rule, and conditions have to 
be kept just right if one wishes to prepare a satisfactory emul¬ 
sion. On the other hand, there is a good deal more latitude 
about the homogeneous emulsions containing about 75 percent 
water. A very satisfactory one can be made starting with 5 
cc cone, magnesium oleate + 5 cc benzene -f 9 cc water -f i 
cc I percent vSodium oleate, and adding 20 cc water in 2 cc 
lots. This emulsion is practically as stiff as those of higher 
concentration. After standing for eight weeks, there was no 
apparent change in this emulsion. 

To show the general applicability of the method, some 
runs were made on the emulsification of water in carbon bi¬ 
sulphide. To 5 cc 2 percent magnesium oleate in carbon bi¬ 
sulphide -f 5 cc I percent sodium oleate in water there were 
added 25 cc o.oi percent sodium oleate solution in 1 cc lots 
and then 25 cc o.oi percent sodium oleate in 2 cc lots. This 
gave a homogeneous emulsion of water in carbon bisulphide, 
containing 92 percent water by volume. In another run I 
started with 5 cc 2 percent magnesium oleate in benzene + 
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5 cc I percent sodium oleate in water to which were added 
24 cc water in i cc lots and 46 cc water in 2 cc lots, while i cc 
I percent sodium oleate was added after each 10 cc water. 
The resulting emulsion contained 94.3 percent water and 
stood up for three days before cracking. 

Increasing the relative concentration of sodium oleate 
must eventually change the type of the emulsion from water 
in carbon bisulphide to carbon bisulphide in water. This 
point was tested with a 50 per cent water emulsion which forms 
two layers, Table VI. The change comes when the ratio 
of sodium oleate to magnesium oleate rises about to unity. 

Table VI 

Total volume, 40 cc; 5 cc 2 percent magnesium oleate in CvSj; 
15 cc carbon bisulphide; percentage water, 50; time of shaking, 10 


minutes 



Water 

Sodium oleate 

1 

1 Type of emulsion 

19 CC 

1 

' 2 cc (i percent) 

Water in carbon bisulphide 

18 CC 

2 cc (i percent) 

Water in carbon bisulphide 

17 CC 

3 cc (i percent) 

Water in carbon bisulphide 

16 CC 

4 cc (I percent) 

Water in carbon bisulphide 

15 cc 

5 cc (i percent) 

Water in carbon bisulphide 

14 cc 

6 cc (i percent) 

Water in carbon bisulphide 

10 cc ‘ 

j 10 cc (i percent) 

Carbon bisulphide in water 

5 

; 15 cc (i percent) 

Carbon bisulphide in water 


Some experiments with carbon bisulphide and water 
were also made with nickel oleate, calcium oleate, barium 
oleate, paraffin, spermacetin and guncotton as emulsifying 
agents. Though it was possible to prepare emulsions of 
water in carbon bisulphide, none of them were stable. Egg 
albumin was dissolved in a solution of caustic soda and pre¬ 
cipitated by means of salts of zinc, aluminum, copper, mag¬ 
nesium, and calcium. The several precipitates were filtered 
and dried; but were found to be insoluble in carbon bisulphide 
and hence useless as emulsifiers. 

A few experiments were made on paints to determine 
the nature of the emulsion. A mixed white paint; labeled 
“Eastlake Household Paint” was bought at a local store and 
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also a sample of ‘‘white lead/' labelled “Genuine White Lead” 
and made by the Empire Works. Raw .linseed oil was ob¬ 
tained from the University paint shop. The drop test showed 
that oil was the external phase in the mixed paint. To 22 
cc mixed paint in a bottle there were added 70 cc water in 5 
cc lots, the bottle being shaken after each addition of water. 
A homogeneous emulsion of water in oil was formed which 
did not differ materially in consistency from the original 
paint. This emulsion contained 71.5 percent water plus 
the undetermined amount of water in the original j)aint. 
Ten grams of the “white lead” were now mixed with 10 cc 
linseed oil and 70 cc water added in 10 cc lots. An emulsion 
of 87.5 percent water in 12 5 percent oil was formed; but it 
cracked at the end of two days. These experiments were 
conclusive as to the formation of an emulsion of water in oil; 
but they left the question of emulsifying agent open. A quali¬ 
tative test of the “white lead” showed the presence of lead, 
zinc, barium, and calcium; and of carbonates, sulphates, and 
silicates or silica. About 5 grams of each of the substances, 
zinc oxide, basic lead carbonate, lime, calcium carbonate, 
barium sulphate, lead sulphate, and silica were shaken up with 
25 cc raw linseed oil and 25 cc water. Homogeneous emul¬ 
sions were obtained in all cases; they seemed to be most 
stable with zinc oxide and least stable with silica. The differ¬ 
ences were not great, however, and the experiments did not 
seem to bring out anything that was not known before. vSince 
it was not at all clear why these substances should behave 
so much alike, or why they should give water in oil emul¬ 
sions, it seemed well to try oil and water alone. A thick 
homogeneous emulsion of water in oil was obtained by shaking 
together 20 cc raw linseed oil and 20 cc water. This emul¬ 
sion stood up indefinitely. On testing the linseed oil for rosin 
with the “ Liebermann-Storch ” test and the sulphuric acid 
color test, positive results were obtained by each method. 
The rosin is undoubtedly the emulsifying agent, both with 
the oil and in the case of mixed paints. Though Pickering* 

’ Jour. Cheni Soc ,91, 2008 (1907). 
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has shown that emulsions can be made with insoluble emulsi¬ 
fiers, his experiments showed that the substances he used gave 
rise to emulsions of kerosene in water and not to emulsion 
of water in kerosene. Since rosin would naturally give rise 
to an emulsion of water in oil, the assumption of rosin as the 
emulsifying agent clears up the theoretical diflficulties. 

The general results of this paper are as follows: 

(1) A satisfactory general method has been devised for 
determining which phase is the external one in an emulsion. 

(2) When benzene and water are emulsified by means of 
sodium oleate, the water is always the external phase. 

(3) It was possible to obtain homogeneous emulsions 
containing up to 0.5 per cent benzene by volume, and from 
about 80 percent up to 99 percent benzene. Intermediate 
emulsions separated into a creamy upper layer and a watery 
lower layer. 

(4) The failure to obtain a continuous series of homo¬ 
geneous emulsions of continuously varying properties is due 
to the experimental difficulty in making the drops of benzene 
so small that the Brownian movements will keep the drops 
distributed uniformly through the water. The larger drops 
rise and pack together. 

(5) With my shaking machine, homogeneous emulsions 
with high concentrations of the liquid forming the internal 
phase, could be obtained only by adding that liquid gradually. 

(6) It is possible to make a stiff jelly out of 99 cc benzene, 
I cc water, and about 0.05 gram sodium oleate. This jelly 
did not change perceptibly in six weeks. 

(7) It is possible to make a stiff jelly out of 99 cc benzene, 

1 cc water, and about 0.05 gram hard soap; but this jelly 
cracked inside of a week. 

(8) It is possible to make a stiff jelly out of 98 cc benzene, 

2 cc water, and about 0.02 gram sodium oleate. Cutting 
down the amount of sodium oleate to two-fifths, decreases j;he 
maximum volume percentage of benzene from 99 to 98. 

(9) No emulsions of water in oil are formed when olive 
oil and water are shaken with soap, with sodium oleate, or 
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with caustic soda. What Robertson thought was an emul¬ 
sion of water in oil was merely sodium oleate or the sodium 
salt of other fatty acids suspended in oil. 

(10) It is possible to make a stiff emulsion out of 97 
percent olive oil, 3 cc water, and about o. 15 gram sodium oleate. 

(11) Magnesium oleate is the best emulsifying agent 
yet tried for making an emulsion of water in benzene. The 
emulsions are much more stable if a little sodium oleate is 
also present. 

(12) Depending on the relative amounts of magnesium 
oleate and sodium oleate we get emulsions of water in ben¬ 
zene or of benzene in water. 

(13) Using proper proportions of magnesium oleate and 
sodium oleate, it was possible to make an emulsion of water in 
benzene containing 96 percent water by volume. 

(14) With my shaking machine, homogeneous emulsions 
of water in benzene could be obtained between the approxi¬ 
mate limits of 75 percent and 96 percent water by volume. 
These limits have no theoretical significance and would be 
changed by more perfect emulsification. 

(15) With perfect emulsification it is probable that there 
would be a marked increase in viscosity at or near the point 
where the internal phase constitutes 74 percent by volume 
of the emulsion because the globules would begin to be de¬ 
formed by contact as the concentration increased above this 
value. 

(16) Using proper proportions of magnesium oleate and 
sodium oleate, it was possible to make an emulsion of water in 
carbon bisulphide containing over 94 percent water by volume. 
This emulsion cracked at the end of three days. 

(17) In mixed paints, water is the internal phase and oil 
the external one. By shaking a commercial white load to¬ 
gether with raw linseed oil and water, a water in oil emulsion 
was obtained containing 87.5 percent water and 12.5 percent 
oil by volume. This emulsion cracked at the end of two days. 

(18) On shaking raw linseed oil and water together, an 
emulsion of oil in water was obtained. Rosin proved to be the 
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emulsifying agent and this is undoubtedly the usual emulsi¬ 
fying agent in the case of mixed paints. 

(19) The pigments themselves cannot usually be the 
emulsifjdng agent in the case of mixed, paints because Pick¬ 
ering’s work on insoluble emulsifiers shows that most pig¬ 
ments would tend to produce emulsions of oil in water in so far 
as they had any emulsifying action. 

(20) Whether one liquid is emulsified in a second or the 
second in the first depends on the nature of the emulsifier. 
A hydrophile colloid will tend to make water the external 
phase and a hydrophobe colloid will tend to make water the 
internal phase. 

(21) In order to be a good emulsifying agent, a hydro¬ 
phile or a hydrophobe colloid must be able to form a suitably 
coherent film round the internal phase. It is consequently 
not possible to obtain an emulsion starting with any colloid. 

(22) There is no necessary connection between the initial 
stiffness of the emulsion and its permanency. In a permanent 
emulsion the film round the globules of the emulsified phase 
must not age much. 

(23) When an emulsion of benzene, water, and sodium 
oleate was frozen, the emulsion cracked. When thawed and 
shaken, the mixture did not emulsify again. This is undoubt¬ 
edly due to the fact that the sodium oleate did not redissolve 
readily in the water under the conditions of the experiment. 

This work was suggested by Professor Bancroft and 
was carried out under the supervision of Mr. T. R. Briggs. 

Cornell University 
June, 1Q12 



ACTION OF PERSULPHATES ON ACETATEvS 


BY M. A. GORDON 

When a solution containing sodium persulphate and acetic 
acid or sodium acetate is heated, a mixture of gases is given off, 
consisting of carbon dioxide and one or more hydrocarbons. 
The amount of carbon dioxide and the nature of the hydro¬ 
carbon may be varied by changing the conditions. One of 
the reactions seems to be a catalytic decomposition of acetic 
acid into methane and carbon dioxide, 

CHaCOoH = CH4 + COo. 

It did not seem possible that persulphate itself could be the 
catalytic agent; but a process of elimination leads to this 
conclusion. The most plausible hypothesis was that platinum 
in some form, was the catalytic agent and consequently pieces 
of smooth platinum and of platinized platinum were immersed 
in the solution without any effect. In order to remove any 
hypothetical noble metal, including platinum, lead strips were 
placed in the persulphate solution so as to precipitate any 
unknown metal more noble than lead. This also had no effect. 
The addition of iron salts or of manganous salts do not increase 
the yield of methane. In order to show that the real catalytic 
agent was the persulphate itself, a solution of persulphate was 
heated long enough to destroy all the persulphate and was then 
added to the acetate solution. No decomposition into methane 
took place though the impurities in the persulphate were pre¬ 
sumably still present. This last experiment seems to furnish 
conclusive proof that persulphate or an intermediate decom¬ 
position product of it is the catalytic agent. We may reject 
the hypothesis of an intermediate decomposition product 
being the catalytic agent because there is no relation between 
the amount of persulphate decomposed and the yield of 
methane. 

Since other reaction products are usually formed besides 
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methane and carbon dioxide, other reactions also take place. 
We may have complete or partial oxidation of the acetic acid 
by the persulphate, the reaction products being water and 
carbon dioxide, ethylene, or ethane. It is not yet known 
whether glycollic acid, methyl alcohol and other oxidation 
products are formed under any conditions. 

The usual form of apparatus for the evolution of the gas 
consisted of a bottle (the volume of which was slightly greater 
than that of the solution) immersed in a water bath. The 
bottle was fitted with a rubber stopper and a capillary tube 
leading to a sample gas pipette filled with mercury. 

The acetate solution (about half the total volume) was 
placed in the bottle and brought to the temperature of the 
bath. The persulphate was heated to about 6o° C (at a 
higher temperature the solution gave off gas) and then added 
to the acetate. About loo cc (unless otherwise stated) of 
the gas were collected for. analysis. The pressure was kept 
fairly constant during the run. 

The Dennis modification of the Orsat apparatus’ was used 
for the analysis of the gas. Friedrichs’ spiral pipettes’ were 
used for the absorbing liquid. Mercury was used as the con¬ 
fining liquid .in a water-jacketted burette. The surface of the 
mercury was kept wet with a few drops of water in order that 
the gas might be saturated with aqueous vapor at all times. 
The burette was washed out after using such liquids as fuming 
sulphuric acid, cuprous chloride, etc. 

Considerable difficulty was experienced in obtaining satis¬ 
factory results for the unsaturated hydrocarbons soluble in 
fuming sulphuric acid. A Friedrichs’ spiral pipette, contain¬ 
ing 25 percent sulphuric acid, was used. The absorption was 
quite rapid at first, but slowed up after a few passages through 
the reagent. Table A shows this: 


^ Dennis: Jour. Ind. Eng Chem., 4, 898 (1912). 



Action of Persulphates on Acetates 


57 


Tabue a 

The data for this table were obtained during the analysis of the 
gas given in Table VI 


Time passed through 

Volume* 

cc 

I 

Volume’ 

fuming Pf2S04 

CC 

11 

0 

9 9 

10 2 

I 

44 9 

44 8 

2 

47 5 

47 4 

3 

48 0 

48 0 

4 

48.2 

48 I 

5 

,S 

48 4 


Methane and ethane were slowly absorbed by fuming 
H2SO4.- It may be that, with the more effieient absorption due 
to the Friedrichs spiral pipette, some of the saturated hydro¬ 
carbons are taken out. 

Hydrogen was tested for by means of palladium black, but 
the results were not satisfactory, as there was an increase in 
volume, due to C(.)-.> being given off. The copper (;xide method'^ 
was then tried. The gas was passed through a tube contain¬ 
ing copper oxide heated from 250°-26o° C. The copper oxide 
was prepared by heating the commercial copper oxide in a hard 
glass ignition tube, in a current of air freed from COj. 

Carbon dioxide was given off as in the case of the pal¬ 
ladium black. Apparently, this was due to CO2, which had 
been occluded by the copper oxide and not due to the burning 
of the hydrocarbon, for, on passing the gas through KOH, it 
was brought back to its original volume. No hydrogen was 
present. 

Trouble was experienced in completely burning the gases 
in the combustion pipette. It was not discovered until a 
number of experiments had been made that the combustion 
was not complete even with an excess of oxygen. A second 
combustion was necessary, after passing the gas through 
KOH to remove the CO2. 

’ Gas not passed through KOH before volume is read. 

* Worsatt; Jour. Am. Chem. Soc., 21, 245 (1899) 

^ Dennis: “Gas Analysis,” 198 (1913). 
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Confirmation of this is foimd in some work by Hempel.* 
“Numerous experiments with the Winkler-Dennis com¬ 
bustion pipette, show that it is extremely difficult to completely 
burn mixtures of methane and nitrogen, as part of the methane 
easily escapes combustion. Where one employs a combus¬ 
tion pipette filled with mercury and heats the mixture of oxy¬ 
gen, nitrogen and methane with the platinum spiral for a long 
time, in order to obtain complete combustion, the surface of 
the mercury becomes covered with a film of mercuric oxide. 
One naturally obtains a too high contraction due to the forma¬ 
tion of this oxide of mercury.” 

Under “contraction ratio” in the tables is given the ratio 
of the volume contraction on combustion to the volume of the 
carbon dioxide formed. This ratio is 2 .00 in the case of 
methane and 1.25 for ethane. 

Under some conditions the hydrocarbon gas is pretty 
nearly pure methane. In Table I incomplete combustion 
probably accounts for the contraction ratio being 2 03 instead 
of 2.00. No free hydrogen is formed: 

1'abli; 1 

vSodium persulphate (70 percent) 6 3 grams 
Sodium acetate (cry.sl.) 23 grams 

Acetic acid (glacial) ifK) cc 

Water 100 cc 

Temperature 75°-80° 

About 5CX) cc of gas collected after passing through KDH solution 

Analysis of gas (freed from COu) 


Combustion 


Olefiiies 

cc 

O2 added 

' Contraction 

CO, 

Volume 

hydrocarbon 

cc 

Contrac¬ 
tion ratio 


cc 

cc 

cc 



I *4 

72.7 

715 

35 2 

34 8 

2.03 

1.6 

77 4 

76.4 

37 •f> 

37-4 

2 .,03 


The favorable conditions for the formation of methane 
seem to be a relatively low concentration of sodium persulphate 

1 Hempel: Zeit. anorg. Chem , 25, 1841 (1912). 
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and a high concentration of sodium acetate and acetic acid. 
A dilute solution of persulphate is more stable than a concen¬ 
trated one and consequently there is less decomposition in the 
unit time and less oxidation of the acetic acid. It seems not 
unreasonable that a high concentration of acetic acid should 
be favorable to the methane dissociation. The part played 
by the sodium acetate is not entirely clear. It is, of course, 
a simple matter to say that undissociated acetic acid is the 
active mass and that sodium acetate forces back the dissocia¬ 
tion ; but acetic acid is dissociated so slightly that one would 
hardly expect the change in the degree of dissociation to be 
very important. It is also possible that the dissociation of 
sodium persulphate is forced back by another sodium salt. 
This would account for the beneficial effect of sodium sul¬ 
phate. 

The data in Table II illustrate the effect of varying the 
amount of sodium acetate, the concentration ratio increasing 
from I 94 to 2 00. 

Tahlk II 

Sodium persulphate (56 7 percent) 1.68 grams 


Sodium acetate (cryst.) x gram 

Acetic acid (glacial) 20 cc 

Water 20 cc 

'remperature 98 ° -99 ® 


Analysis of hydrocarbon gas 


Sodium 

ncetatc 

g 

(>2 added 
cc 

Coinlnistion 

Contraction 

cc 

CU 2 

cc 

Volume 

hydro¬ 

carbon 

cc 

C oncen- 
t rat ion 
ratio 

0 00 

4 J .1 

39 9 

20.2 

19.0 

I 94 

0,66 

68 9 

68.4 

34-2 

33 7 

1 98 

0.66 

70 8 

69 8 

34 7 

33 7 

I 99 

2.3 

78.0 

78 9 

38 2 

37 8 

2 01 

2.3 

68.9 

66.6 

33 3 

31.8 

2 00 


The data in Table III show the effect of varying the con¬ 
centration of another sodium salt, sodium sulphate. With 
increasing concentration of sodium sulphate, the concentration 
ratio increases from about i. 70 to i. 90. The lower conceit- 
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tration of acetic acid causes a drop in the concentration ratio 
from 1.94 (Table II) to 1.72 (Table III). 

Table III 

Sodium persulphate (70 percent) 1.28 grams 


Sodium sulphate (anhydrous) x gram 

Acetic acid (glacial) 1 cc 

Water 20 cc 

Temperature 98^-99° 


Analysis of hydrocarbon gas 


Sodium 


Combustion 


Volume 

hydro¬ 

carbon 

cc 

Concen¬ 

sulphate 


.. 


tration 

g 

O2 added 
cc 

, Contraction | 
cc 1 

1 

1 

C(>> 

cc 

ratio 

0.0 

31 7 

1 

' 30*2 1 

17-4 

16.3 

-74 

0 0 

36.5 

33 • 7 j 

20.0 

177 

1 .69 

2.0 

41.9 

39 9 

21.1 

19-5 

1.90 


In Table IV are given special data to illustrate the effect 
of changing the concentration of acetic acid. One cubic 

Table IV 

Sodium persulphate (56.7 percent) 1.68 grams 
Volume of solution 40 cc 

Temperature 98°-99° _ 

Acetic acid I Sodium acetate Water 



cc 1 

% 


cc 

I 

‘ 1 

20 ; 

2.3 

' 

20 

2 

20 

2.3 


20 

3 


I 

— 


39 

4 

' 

I i 

— 


39 

5 

- 

— 1 

2.3 


40 

6 


1 

2.3 


40 

No. 

O 2 added 

Combustion 

Contraction 

CO 2 

Volume 

hydro¬ 

carbon 

cc 

Concen¬ 

tration 

ratio 


cc 

cc 

cc 


I 

78.0 

76.9 

38.2 

37-8 

2.01 

2 

68.9 i 

66.6 

33-3 

31-8 

2.00 

3 

37-3 

35-3 

18.3 

16.9 

I 93 

4 

314 

30.0 

15-5 

14-3 

1-93 

5 

50.1 

43*4 

25.6 

19.7 

1.69 

6 

56.0 i 

1 46.9 

27.9 

19.6 

1.68 
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centimeter glacial acetic acid is equivalent to 2.3 grams 
CHaCOsNa.sH^O. 

In the following experiments, Table V, the concentration 
of sodium persulphate was kept relatively high, with a corre¬ 
sponding decrease in the concentration ratio, which drops to 
1.45. The gas contained considerable quantities of olefines 
soluble in fuming sulphuric acid: 

Table V 

Sodium persulphate (70 percent) i 92 grains 
Sodium acetate (cryst.) o 14 gram 

Acetic acid (glacial) o i cc 

Water 20 cc 

Temperature 98° 99® 

Analysis of hydrocarbon gas 


Combustion 




Cb added 

Contraction 

CO, 

1 

Volume 

hydrocarbon 

cc 

Contraction 

ratio 

cc 

cc 

i 



23 8 

7 

13 2 

10 5 

I 49 

23-7 

19 7 

13 6 

10 0 

* 45 

29 I 

23« 

lO 4 

11 5 

1 45 

oc 

24 8 

3 

*3 2 

1 52 


Another run was made at a lower temperature, Table VI, 
in which the olefines were removed by means of fuming sul¬ 
phuric acid before the hydrocarbon gas was analyzed: 


Table VI 

Sodium persulphate (70 percent) 96 grams 

Sodium acetate (cryst.) 7 grams 

Acetic acid (glacial) 5 

Water 1000 cc 

Temperature 75 7^ ° 


About 500 cc gas collected after passing tlirough KOH solution 
Analysis of hydrocarbon gas (freed from olefines) 



Combustion 


Volume 

! 

Olefines 

_ _ 

_ 1 

COa 

hydro- 1 

Contraction 

cc 

O2 added 
cc 

Contraction! 
cc 

cc 

carbon 
cc j 

ratio 

1 

38.8 

32.8 

30-7 

16.6 

15.0 

I ^5 

384 

33« 1 

30-7 

16.8 

14.8 

I 85 
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The hydrocarbon gas left after the removal of the olefines 
appears to consist of a mixture of methane and ethane. Calcu¬ 
lations based on the combustion, oxygen consumed, and vol¬ 
ume of hydrocarbon, check quite closely with the theoretical. 
The hydrocarbon gas, therefore, consists approximately of 72 
percent olefines, 224 percent methane, and 5.6 percent ethane. 
The composition of the olefines has not been determined satis¬ 
factorily as yet, but we are evidently dealing with a mixture. 

In Tables I-VI the important point has been the composi¬ 
tion of the hydrocarbons and no data have been given for the 
carbon dioxide set free during the reaction. If no acetic acid 
is oxidized completely to carbon dioxide and water and if 
there is no lower, non-gaseous, carbon compound formed, 
such as methyl alcohol for instance, the amount of carbon 
dioxide set free during the reaction should be equal to that 
produced by combustion of the hydrocarbon gases. A ratio 
greater than unity indicates some oxidation of acetic acid to 
carbon dioxide and water. Conditions which favor the de¬ 
composition of the persulphate, such as acidity, rise of tem¬ 
perature, etc., should increase the oxidation as shown by the 
CO2 ratio or the ratio of CO2 produced during the reaction to 
the CO2 produced by the combustion of the saturated hydro¬ 
carbons. In Table VII are given data for the effect of tem¬ 
perature under condition such that the hydrocarbon is prac¬ 
tically pure methane, the contraction ratio being approxi¬ 
mately 2.00: 

Table VII 

Sodium persulphate (56.7 percent) i .68 grams 


Sodium acetate (cryvSt.) 

4.6 grams 


Acetic acid (glacial) 


20 cc 


Water 



20 cc 


Temi), 

Reaction ! 
CO 2 ! 

cc 

1 

1 

Combustion 

CO 2 

cc i 

1 

Contraction 

ratio 

CO 2 

ratio 

98 ° 99° 

4... ' 

i 

34 5 

2.02 ' 

I 19 

98 ° 99° 

22.0 1 

18 4 

2.01 

I 20 

98°-99° 

34 1 i 

34-8 1 

: 1-99 

1.24 

78°-79° 

33 8 

31 -i 1 

2.00 1 

I 09 

78 °-79° 

33 0 

31 4 i 

I 1.97 i 

1.05 

64°-65° 

3^-9 

30 0 1 

! 1-99 1 

1 .06 
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Even at the highest temperature, the amount of acetic 
acid oxidized is only one-fifth that decomposed catalytically, 
and the value drops nearly to one-twentieth at the lower tem¬ 
peratures : 

In Table VIII arc similar data for cases in which relatively 
large amounts of ethane and unsaturated hydrocarbons are 
formed, the contraction ratio being distinctly less than two: 

Table VIII 

Sodium persulphate (70 percent) 1 92 grams 
vSodium acetate (crvst.) o 14 gram 

Acetic acid <glacial) <) i cc 

Water 20 cc 


Tciii]) 

Reaction 

CO. 

C( 

Combustion 

CO: 

cc 1 

Contraction 

latio 

CO*: ratio 

0 

0 

42 I 

16 2 

« 45 

2 55 

9c/ 

43 3 

16 t 

1 52 

2 ()() 

-TO® 

5 

33 8 

* 51 

I 91 


Tables VH and VIII indicate that temperature has little 
or no effect on the comjiosition of the hydrocarbon as the con¬ 
traction ratio does not change with change of temperature. 

Even at the lower temperature nearly twice as much acetic 
acid is ])urncd to carbonic dioxide and water as is converted 
into methane and ethane. If the solution is made dis¬ 
tinctly acid with sulphuric acid, the decomposition of the per¬ 
sulphate takes i)lacc* so rai)idly that large amounts of oxygen 
are set free. This is shown in Table IX, the persulphate con¬ 
centration being extremely high: 

Table IX 


Sodium j>ersulphale (70 percent) 

1 28 grams 

Acetic acid (glacial) 

I cc 

lEvSOi (sp. gr. 1.84) 

5 

Water 

9 cc 

Tenijieratnre 

9 H" 99 ° 


Kerction 

CO*: 

CL- 


Coiiibii.stion 

CO*. 

cc 


CO: 

ratio 


O: 

set free 
cc 
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If the persulphate concentration be kept down and if 
sodium sulphate be added, a small amount of sulphuric acid 
can be added without causing evolution of oxygen. The oxi¬ 
dation ratio is high under these circumstances. 

♦ 

Table X 

Sodium persulphate (56.7 percent) i. 68 grams 


Acetic acid (glacial) i cc 

Sodium sulphate (hydrated) 3.2 grams 

Sulphuric acid (sp. gr. 1.84) i o gram 

Water 39 cc 

T enyDerature 98 “-99 ° 


Reaction 

CO2 

cc 

Combustion ! 
CO2 1 

cc 

1 

Contraction 

ratio 


CO2 

ratio 

46 1 

1 ' 

i 10 3 1 

I .94 


4 48 

45-4 

10 6 1 

1 (>o 


4.28 


Addition of 1 cc molar manganous sulphate to a solution 
containing 1.68 grams sodium persulphate (56.7 percent), 
I cc glacial acetic add and 39 cc water caused an increase in 
the carbon dioxide ratio to 7.05, a manganese oxide precipita¬ 
ting. A piece of platinum foil with a surface of 200 cm^ also 
acted as a catalytic agent increasing the carbon dioxide ratio 
from about 3.0 to about 4.0. 

It seemed desirable to determine, if pos.sible, the relation 
between persulphate decomposed and carbon dioxide set free 
during the reaction. Preliminary experiments indicated that 
persulphate could be determined in presence of acetate by 
adding an excess of ferrous sulphate to the solution acidified 
with sulphuric acid. The analysis for persulphate was made 
by adding, to the mixed persulphate and acetate solution, 100 
cc of ferrous ammonium sulphate solution (30 grams per liter), 
lo cc H2SO4 (i : 4), and 100 cc boiling water. The solution 
was then heated to 50°-70° C and titrated rapidly with N/^ 
KMnO^. The results have been calculated on the assump¬ 
tion that part of the CO2 comes from the catadytic decomposin 
tion of the acetic acid. Only the excess of CO2 over that 
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equivalent to the methane is considered as due to oxidation 
by persulphate. On this basis only half the active oxygen 
of the persulphate seems to be accounted for and there must be 
some other product which has not yet been isolated. It is 
possible that this may be glycollic acid since Professor Orn- 
dorff tells me that he has obtained glycollic acid by slow oxida¬ 
tion of acetic acid with permanganate. This would be the 
first oxidation product in case the oxidation takes place in 
stages, as it probably does. ITie data are given in Table XI: 

Table XI 

Sodium persulphate (56 7 percent) 0,84 gram 
Sodium acetate (cryst.) 2 3 grams 



Acetic acid 


10 cc 



Water 


10 cc 



Temperature n 

98'’ 99” 




Anal}'sis of hydri^arbon gas 


No. 

O2 ailded i 

Coml)ustion 

Contraction 

i 

‘ Volume 

1 hydrocarbon 
COo 1 cc 

Contraction 

ratio 


1 cc 1 

cc 

cc * 


I 

38.2 ■ 

3 b 9 

18 4 1 17 6 

2 01 

2 

69.8 1 

68 I 

.34 .3 1 3.3 2 

I 99 

3 

710 

69 I 

34 8 1 33 

I 99 

No 

C()2 

CO2 ratio 

O2 lost 

Na2S208 

O2 found 
CO2 


1 CC 


Grams 

Grams 

I 

1 22 0 

1 20 

0 0135 ; 

0 CKI56 

2 

i 42 0 

I 23 

0 0225 

O.OI I 1 

3 

43-1 

1 24 

0 0239 

o.oi 19 


The general results of this paper are: 

(1) Persulphates decompose acetic acid catalytically 
into methane and carbon dioxide. 

(2) Persulphates oxidize acetic acid, some of the products 
being ethane, olefines, carbon dioxide and water. 

(3) The catalytic decomposition is favored by high 
concentration of acetic acid, low acidity, and low concentration 
of persulphate. 
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(4) Low acidity together with high concentration of 
acetic acid can be obtained by adding sodium acetate to force 
back the dissociation. 

(5) Conditions favoring the decomposition of persul¬ 
phate increase the oxidation of acetic acid if not carried to 
an excess. 

(6) High concentration of persulphate, high temperature, 
moderate acidity, presence of manganous sulphate or plat¬ 
inum foil, increase the oxidation of acetic acid. 

(7) Addition of too much sulphuric acid makes persul- 
phuric acid so instable at high temperatures that oxygen is 
set free and the oxidation of acetic acid is cut down corre¬ 
spondingly. 

(8) Temperature has no effect on the composition of the 
hydrocarbon gas. 

(9) Impurities in the persulphate are apparently not the 
catalytic agents because no probable impurity acts in this 
way and because the catalytic action ceases when the per¬ 
sulphate is destroyed. 

This research was suggested by Professor Bancroft and 
has been carried on under his supervision. 

Cornell University 



OvSMOTiC PRESSURE AND MOIST AIR 


BY WILDER D. BANCROFT 

Barring effects due to gravity, one should get the same 
osmotic pressure by placing the cell with the semipermcable 
membrane in saturated water vapor as though one immersed 
it in water as is usually done. Last year 1 came across an 
instance of this in the literature' which seems interesting 
enough to reproduce. 

“In September, 1851, attention was attracted to an un¬ 
usual increase of weight in a shipment of molasses, which 
occurred in the London Dot'ks; it was some time before the 
cause could be discovered, and the steps taken to ascertain 
it ended in the perfect assurance that it was due to absorp¬ 
tion. I'he great extent to which the action had taken place, 
and the large amount of property in our dock warehouses, 
which is thus proved to be occasionally affected by it. lead 
me to believe that a detailed account of this extraordinary 
instance may prove acceptable to the Society. For the follow¬ 
ing particulars I am indebted to the Mr. Muggeridge, of the 
London Docks, in whose care the molasses were stored, and 
by whom the progress of the action was watched: 

“In August, 1849, a quantity of molas.ses were housed 
for the first time in a damp cellar, where they lay until Septem¬ 
ber, 1851, when the increase of weight was observed. In 
order to ascertain its amount, the whole of the casks of the 
importation were re-weighed, when it was found that every 
cask which had not lost a portion of its contents by breakage, 
had gained considerably in weight. The casks were coopered 
and made tight, and in February, 1852, were again weighed, 
when (where breakage had not occurred) a further increase 
was found to have taken place. The total weight of the 
shipment was 1270 cwt. It was stored in no casks, contain¬ 
ing from II to 12 cwt each. The increase on different casks 

^ Ferguson. Jour. Chem. Soc., 6, 122 (1854). 
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varied considerably, reaching in some cases 38 lbs or about 
3 percent of the contents. The total observed increase was 
23 V4 cwt or about 1.83 percent. This does not represent 
the total real increase, for it would appear that in some casks 
the absorbed water had just been sufficient to cover the loss 
from breakage, but not tell as increase; and there does not 
seem to have been one cask which had not suffered more or 
less loss. The real increase of weight due to absorption must 
have been much greater than that shown by the weighings. 
Important as this result was to the merchant, it was greatly 
exceeded by one that was afterwards observed, and which 
was as follows; A quantity of molasses imported in large 
tanks, were, in July, 1849, racked into 347 puncheons, weigh¬ 
ing about 12 cwt each, the total weight being 4160 cwt; they 
were stowed in a lofty cellar, where they remained till Septem¬ 
ber, 1852, when they were re-weighed for delivery. At various 
times some of the casks were found with heads bulging out 
from internal pressure, although none of them were full when 
housed, and it was necessary to draw off a portion to prevent 
them from bursting. When the bung started, the molasses 
rushed out with great force, ascending several feet to the roof 
of the cellar. On re-weighing, the increase was, as before, 
found to be different in different casks. On 52 there was a 
loss from breakage, 248 had gained from i lb to 30 lbs each, 
67 from 30 lbs to 40 lbs, and 20 from 40 lbs to 51 lbs each. 
The total increase of weight on the shipment was 56 cwt 
If we take the casks on which this increase took place, lay¬ 
ing aside the 52 on which there was loss, the excess of absorbed 
water over the leakage was about 1.6 percent; in some of the 
casks it had reached as high a percentage as 4.25. A third 
case was also observed in December, 1848. 500 puncheons 

were filled from tanks in which they had been imported, and 
stored in the same cellar till July, 1852, when some of them 
were re-weighed with the same various results as to increase: 
5 puncheons gave the following results:* 

^ [Weights presumably cwt, st, lbs. W. D. B.l 
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No. 1, weight 11 3 i.t lbs gained 23 lbs. 

No. 2, weight n i 7 lbs gained 31 lbs. 

No. 3, weight 1207 lbs gained 40 lbs. 

No. 4, weight 112 o lbs gained 45 lbs. 

No. 5. weight 120 o lbs gained 68 lbs 

“This was the largest increase of weight, though on a 
large number of casks it reached nearly to the same percentage. 
In No. 5 the excess of water absorbed over any leakage that 
may have occurred is 5 percent. The bungs were at this 
time started, and the casks, which had been stored not quite 
full, were found full to overflowing. One cask which had lost 
14 lbs, and another 9 lbs, were also full. We know that 
these casks had not been overdrawn. Now', to effect a loss 
of 14 lbs, 4 gallons of treacle must have been replaced by w'ater, 
not taking into account the quantity which was required to 
fill the cask completely. In the case of No. 5. where the in¬ 
creases of weight was 68 lbs, the quantity of water absorbed 
must have been very great, for after supplying the loss due 
to leakage, (and all casks leak more or less), 6.8 gallons of 
water entered through the pores of the wood during a period 
of 3' 2 years. These puncheons, in which this maximum 
effect took place, had been American meal-casks, made of 
Quebec timber, which is much more porous than the wood 
of which West India puncheons are usually made. The specific 
gravity of the freshly imported molasses of the last lot was 
1.394, ^nd when taken in July, 1852, was 1.375.” 

Of course we do not know that the wood was actually im¬ 
permeable to the sugar though permeable to w'ater, but at least 
a condensation and absorption of water vapor occurred, which 
exceeded in amount the outward flow or leakage, and which 
gave rise to such a pressure that many of the casks burst. 
This seems an admirable practical illustration of a theoretical 
case which is not usually discussed in text-books of physical 
chemistry. 

Cornell University 



THE APPROXIMATE MEETING POINTvS OF SOME 
COMMERCIAL COPPER ALLOYS' 

BY A. B. NORTON AND H. W. GILLETT 

Introduction 

In the course of investigations on brass melting furnaces 
it became necessary to know, to a point of commercial ex¬ 
actness, the melting points of a few of the common brasses 
and bronzes. The binary systems copper-tin and copper- 
zinc have been thoroughly worked out not only as to melting 
points, but as to the-full phase rule relationships, and also 
in regard to tensile strength. The II. S. Alloy Research 
Board, under Thurston, studied the mechanical properties 
of the ternary system copper-zinc-tin in detail, but as p3Tom- 
eters were not perfected at the time of this investigation, 
their temperatme measurements were confined to very crude 
ones on the pouring temperatures of the two binary systems 
copper-tin and copper-zinc, made by pouring the molten 
alloy into water, measuring the rise in temperature of the 
water and figuring the pouring temperature from the assumed 
specific heat of the alloy. The method, though the only 
one available at the time, was so crude and .subject to so many 
errors that the figures are of little or no value. 

Work on the copper-zinc-tin system from the phase rule 
point of view is in progress at Cornell University, but no 
melting-point determinations have yet been made. 

Thus, while the melting points of two binary systems are 
well known, those of the commercial casting alloys containing 
copper, zinc, tin and lead, or copper with two of the other 
components have had little or no study. 

Lack of Data in the Literature on Ternary and Quaternary 

Melting: Points 

Very few figures on these can be found in the literatu^’e. 

1 PubiLshed by permission of the Director of the Bureau of Mines. This 
paper is also published by the Bureau of Mines as Technical Paper 6o. 
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Primrose’ mentions pouring gun-metal (88 copper, 10 tin, 
2 zinc) at 950° C (1740"^ F)- this temperature being far too 
cold and giving a very poor casting and one of very low tensile 
strength, hence evidently not far above the melting point. 

This figure is probably not correct as 90 copper, 10 tin 
has a melting point of about 1005° C (1840° F) and 2 percent 
of zinc would probably not lower the melting point to such 
a degree. 

Primrose’ in a later paper shows a cooling curve for 
gun-metal 88 copper, 10 tin, 2 zinc containing less than 0.2 
percent of lead, (exact analysis not given) which shows the 
melting point (liquidus) at 1010° C, or slightly above that 
for a corresponding zinc-free bronze, although some lowering 
of the melting point by the zinc might be expected. 

Longmuir’ also poured some alloys at a temperature at 
which the metal would just flow, and so cold that the cast¬ 
ings were poor and the tensile strength very low. His alloys 
and temperatures are: 

(Uui-nietal C F 

Yellow brass 850° C 1560° F 
Red brass 1058° C 1935° F 
Muntz metal 943^0 1730® F 

These figures also are probably not accurate The 
remark made on the earlier Primrose figure for gun-metal 
applies here. The composition of the alloys was not given. 
If it be assumed that the names given have their normal 
significance, yellow brass would be about 65 copper; 35 zinc, 
which melts at about 915° C (1680° F), and Muntz metal 

^ Primrose, H vS.- “Metallograi)hy as an Aid to the Brass-founder,” 
Metal Ind , 8, 466 (1910). 

2 Since the accuracy of temperature measurements at the melting p»)inls 
of the brasses and bronzes does not warrant figuring down to a degree, in trans¬ 
forming measurements taken in centigrade or in Fahrenheit to the other scale, 
the figures are rounded ofT to the nearest 5° or 10°. 

3 Primrose, H S and Primrose, J S G. "Practical Heat Treatment of 
Admiralty Gun-metal.” Jour Inst Metals (British), g, 169 (1913)* 

Longmuir, P , quoted by Law, K F. . "Alloys and their Industrial Ap¬ 
plication,” igog, p 10. 
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6o copper; 40 zinc, which melts about 890° C (1635° F). 
Muntz metal should certainly melt lower than yellow brass, 
not higher, as these figures give. Similarly, red brass, if of 
the common composition, (about 85 copper, 5 tin, 5 zinc, 
5 lead) should melt below gun-metal, (taken as 88 copper, 
10 tin, 2 zinc). 

Karr' used a radiation pyrometer in determining the melt¬ 
ing points and pouring temperatures of some copper alloys. For 
an alloy of 68.8 copper, 0.2 lead, 31 zinc, he got 1540° F 
(895° C), which he states is lower than the true melting point, 
evidently because of the well-known deviation from black 
body conditions of molten copper or its alloys. He gives 
1650° F (900° C) as the melting point of one alloy containing 
84 per cent copper; 1735° F (945° C) for that of another 
of the same copper content and 1850° F (1010“ C) for another 
said to correspond to gun-metal but to contain no zinc. The 
exact composition of these alloys is not given. 

Since the literature on the subject was found to be so 
meager it was decided to obtain figures on the melting points 
of a few typical commercial alloys with sufficient accuracy 
for the purpose in hand. 

Methods Used in the Work 

The alloys were melted in a gas furnace. Instead of 
using the ordinary shape of crucible which gives too large 
a surface for volatilization and oxidation, crucibles were made 
up from some bonded carborundum tubes which were in stock 
from a previous investigation.'* 

These were about 4.5 cm I. D. and had about 8 mm 
walk. They were cut to about 15 cm long and an artificial 
graphite plug fitted at one end to form the bottom, luting it 
into place ny alundum cement. Considering the cost of 
machining out a crucible from a graphite rod as well as that 

^ Karr, C. P. • “The Pouring and Melting Points of some High Grade 
Bronzes,” Trans. Am. Brass Founders^ Assn., 5, 78 (1911). 

2 For details of the carborundum tubes, see Gillett, H. W.: “Tempera¬ 
ture Measurements in an Experimental Carborundum Furnace,” Jour. Phys, 
Chern,, 15, 225, 227 (1911). 
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of the graphite itself, these were much cheaper than artificial 
graphite crucibles, especially as they do not bum away any¬ 
where near as fast as graphite. Their life was as good as that 
of the ordinary crucibles of fire clay plus graphite mixtures. 

The temperatures were measured by a platinum, platinum- 
rhodium thermocouple used with a single-pivot galvanometer. 

The couple has been calibrated against one which in turn 
has been checked against one calibrated by the Bureau of 
Standards, the secondary standard being read on a potentiom¬ 
eter, and the scale found to be correct within the limits 
of error of reading. The couple was also checked up by the 
melting points of copper, of common salt, and of a bronze 90 
copper, 10 tin. The couple was correct within the error of 
reading, at these points. 

As these calibrations were made with the cold junction 
at 20° C, the couple was used without icing the cold junction, 
the cold junction being so protected from the furnace that a 
thermometer at that point showed within 3° C of 20° C during 
all the runs. 

The thermocouple wires were insulated by i mm bore 
2 mm O. D. Marquardt Mass tubing, and the hot junction 
was slipped into a Marquardt Mass tube closed at one end, 
30 cm long 5 mm I. D. 9 mm O. D. The open end of this 
was fastened into an open ended porcelain tube 35 cm long, 
10 mm I. D. 14 mm O. D. by alundum cement. This ar¬ 
rangement served to protect the couple from zinc fumes or 
reducing gases. 

The end of the Marquardt Mass protecting tube was in 
turn protected from the molten metal by an artificial graphite 
boot, 9 cm long and with 3 mm walls. 

There is considerable time lag in the pyrometer reading 
when a cold protecting tube and boot is plunged into molten 
metal, but after the tube is once hot the lag is not great. As 
the melting points were not determined by noting when the 
metal solidified, but by plotting temperatures against time, 
the proper temperatures for the heat evolution on freezing 
or heat absorption on melting should be shown even if there 
was some lag. 
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About 600 grams of metal was used in making the tests, 
the metals were weighed out in the proper proportions to form 
the alloy desired, a slight excess of zinc, increasing with in¬ 
creasing zinc content, being allowed to compensate for vola¬ 
tilization. Electrolytic copper, Bertha zinc and chemically 
pure lead and tin were used. The copper was melted first, 
and covered with granular carbon and a little salt. When 
the copper was melted, the tin, the lead, and lastly the zinc 
was added, and the alloy well stirred with a graphite rod. 

When the alloy was fully melted and mixed, the p5rrom- 
eter was inserted and so clamped that the graphite boot 
did not touch the bottom or sides of the crucible. The gas 
flame was lowered and the temperature read every 15 seconds, 
stirring between each reading. When the alloy had frozen 
the gas was turned up and a heating curve taken. This was 
repeated several times. Zinc was continually volatilized in 
small amounts from the melts containing zinc, but not in 
sufficient amount to exert appreciable influence on the melt¬ 
ing point, as duplicate runs agreed within 5 ° C in all cases. 
After the runs were completed, the melt was poured in most 
cases into an ingot mold, sampled and analyzed. As the 
analyses agreed well with the composition aimed at on the 
samples analyzed, the melts not containing zinc were not 
analyzed. Duplicate analyses of the same sample agreed 
within o.i percent. 

All the melts were made up from virgin metals except 
the sample of manganese bronze which was in the form of 
test bar ends from a previous investigation.* It had given 
76000 to 77000 lbs. per sq. in. tensile strength and 24 to 35 
percent elongation in the standard brick form test bar. It 
was made up for 

Copper 56 

Zinc 41 

Iron 1.5 

Tin o. 9 

Aluminum o. 45 
_ Manganese 0.15 

* Gillett, H. W.: "The Influence of Pouring Temperature on Manganese 
Bronze,” Trans. Am. Inst. Metals, 1912 (p. 207). 



As the figures were all reproducible to 5° C, an allowance of 10° C is probably ample to cover all errors 
of reading and of calibration and use of the pyrometer. 
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As it was first cast into ingot, then remelted and cast 
into test bars and these then remelted for melting-point 
determination, the zinc content was probably nearer 40 than 
41 and the copper nearer 57 than 56 when the melting points 
were taken. This sample was not analyzed. 

The melting point given is the liquidus, or point where 
freezing begins on cooling and ends on heating. This is more 
strongly marked than the solidus, or point where freezing ends 
on cooling or begins on heating. 

Melting-Point Observations 

The data are given in Table I on preceding page. 

Binary Melting Points from the Literature 

For comparison the melting-point (liquidus) figures for 
the binary systems copper-tin,' copper-zinc^ and copper-lead® 
for the range covering the common industrial alloys are given 
below. These are scaled off from curves in the references 
given. As the curves are small the figures are only accurate 
to about ± 10° C or ±20° F. 


Table II 


Composition by weight 


Copper-tin 
Melting point 


Copper 

Tin 

°c 


95 

5 

1050 

1920 

90 

10 

1005 

1840 

85 

t 5 

960 

1760 

80 

20 

890 

1635 


'Shepherd, E. S. and Upton, G. B.: **Tensile Strength of Copper-tin 
Alloys,” Jour. Phys. Chem., 9, 446 (1905). 

* Shepherd, E. S.: “The Constitution of the Copper-zinc Alloys,” Jour. 
Phys. Chem., 8, 423 (1904). 

® Desch, C. H.: “Metallography (Copper-lead Alloys),'^ 1910, p. 85. 
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Table III 

I 

Composition by weight Melting point 


Copper 

Zinc 

"C 


95 

5 

1070 

1960 

90 

10 

i <^55 

1930 

85 

15 

1025 

1880 

80 

20 

I(K)() 

1830 

75 

25 

980 

* 795 


30 

940 

1725 

^>5 

35 

9*5 

. 1660 

60 

40 

890 



Table IV- 

-Copper-Lead 


Composition by weight 

Melting point 

Copper 

Lead 

^ C 

' F 

95 

5 

1065 

* 95 <^ 

90 

10 

1050 

1920 

85 

15 

i^\S 5 

1895 
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Electric Furnaces in the Iron and Steel Industry. By W, Rodenhauser and 
I Schocnaiva. Translated by C\ M von Baur. X i 6 cm; pp. Hi ^ 41Q 

New York: John Wiley 6 ^ Sons, JQIJ. Price: 50 —Previous to the ap¬ 
pearance of this book, there was practically no single source of condensed informa¬ 
tion concerning the electric iron and steel industry. The book is, therefore, to 
be welcomed, since it places in compact form a lot of information which here¬ 
tofore was scattered throughout the periodical literature The English transla¬ 
tion is important from the practical standpoint, since it is probable that a wide 
future is in store for the electric furnace in the United States. The book con¬ 
tains much practical as well as theoretical information 

After treating certain fundamentals, the requirements of an ideal furnace 
are considered. In the fundamentals such things as electrical units, power 
factor, heating, motor, and chemical effects, in the electric furnace, are con¬ 
sidered A general discussion of arc furnaces then follows, in which the elec¬ 
trodes are discussed at length. The method of treatment of the specific furnaces 
is to give the design, method of operation, etc., and then to compare this specific 
type with the ideal furnace. The authors realize that definite conclusions 
should not be drawn in regard to the best type of furnace, on account of the fact 
that .specific conditions, different in different cases, may change the whole situa¬ 
tion. In the discussion of electrodes of the arc furnace, a cjuotation. p 94, 
from the book (will not be out of place), illustrating the care with which the 
authors draw conclusions. 

''During the discussion of the electrode conditions, w'e have often com¬ 
pared the graphite with the carbon electrodes. Is therefore one recommended 
above the othcr^ To this question this reply may be given* Graphite elec¬ 
trodes mainly Iiavc the advantage of greater resistivity, and greater mechanical 
firmness. This advantage, though, must be purchased at a far higher price, 
compared to carbon electrodes. Large electrode surfaces tend to save energy, 
and consec|uently it is better to work with low current densities " 

"From all this it is apparent, that one would, at first, endeavor to utilize 
carbon electrodes, at least as long as the.se can still be made of good c|uahty and 
at the desired cross-sections It is only with the largest furnaces, where the 
cross-sections w^ould become so large, that uncertainties would enter the opera¬ 
tion, through breakages, for instance, that one would be willing to pocket thfe 
disadvantages of the graphite electrode, in order to gain the important ad¬ 
vantage of definite and sure operating conditions ” 

A good discussion of the Stassano furnace and the Heroult furnace then 
follows. It is interesting to note the conclusion as to the practical limitation 
of the size of the Heroult furnace From the quotation below it is evident that 
the best size in the ca.se of the H^touU furnace is fifteen to twenty tons 

"Since then there has been built the furnace of 15 tons, as mentioned by 
EichhofT. For this size the above deductions arc correct, however, with the 
limitations that the furnace efficiency cannot be further increased by further 
increasing the size of the furnace unit. The efficiency of furnaces of increasing 
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sizes with two electrodes follows the curve of a parabola However, where 
three electrodes are used, the etriciency will naturally decrease, due to the higher 
thermal losses, which latter gradually reach the practical attainable minimum, 
with the increasing size of furnaces. As Heroult furnaces, howe\er, arc built 
today, these losses will not be less than 25 percent " 

In comparison of the Girod with the Heroult furnaces, the following quota¬ 
tion may be given “The opinion of Heroult that the senes connection of the 
electrodes gives more useful work, is not substantiated in any way We shall 
see later on, that the total electrode cross section of the Heroult furnace is not 
greater than w’lth the Girod furnace, disregarding entirely how incomprehensible 
it is that Girod does not also operate with the same current density and the 
same low current densities as Heroult does It still remains to be proved that 
operation with low current densities is an advantage, irrespective of the size of 
the furnace Lastly we inav add that, if we consider 

only the evenness of the current distribution, and the heat generation as above 
mentioned, these' alone should be enough to decide the question That there 
is an advantage in the hiwer veiltage goes wathout saving To these we might 
add the further advantages of the sniallei current tluctuations, es])eciallv wdien 
melting dowm cold stock, w'hile the opinion regarding the greater simplicity 
and the greater safety during the o])eration ol one furnace ovei the other may 
lie left to the leadci 

(icneral discussions of the induction furnaces, together wnth specific tieat- 
incut of the Kjellin and Roechlmg-Rodeiihauser furnaces, are then included 
One of the advantages in favor of the induction furnace may be seen from the 
following 

“It has also been mentioned that the mtluctioii furnace undoubtedly has 
the best attamalile clcctnial vjlutciicy of any electric furnace, because* all elec¬ 
trode losses are avoided, and hence only the transformer losses come into ])Iay 
with induction furnaces, excejit wdien a special generator is used, and then tmly 
the primary copiier losses and iron losses appear m the transformer paits built 
into the furnace, Transfoimci losses are. however, jirescnt with iiearlv every 
arc furnace, thus a traiisfornier is almost invariably erected as closely as possible 
to the furnace “ 

The electric shaft furnace is then treated in iletail, m which the ]irevailmg 
types of shaft furnaces aie discussed In review a number of iiroposed types of 
furnaces which have not been used commercially to any great extent, are then 
considered The Keller furnace is treated here more as a Girod furnace with 
a modified bottom than otherwise At the entl of this nart of the book a com¬ 
prehensive table is given, where all the furnaces which have been built are listed 
The names of the comjianies, the kinds of current used, sizes of the furnaces, 
kinds of charge, and the products formed, are given 

In the second part of the book, the first chapter treated, is on the materials 
used in furnace constructum, then follows a chapter on electro-metallurgy of 
iron ores, a discussion of the reactions occurring in the electric furnace, and the 
use of the electric furnace in the prefiaratitm of special steels 

The book closes with this significant paragraph • 

“The result of all this is that the electric furnace will not only play an mi- 
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portant role in the future, but that it is already a factor which each iron and 
steel plant must now carefully consider.” 

The hook is unquestionably the best of its kind which has been published 
in English. In the second part a large number of practical tests are included. 
The treatment, however, of theoretical and practical considerations separately, 
causes a lack of unity in the book which makes it more or less hard reading. 
The references to periodical literature are not numerous. The book is printed 
on excellent paper and contains a large number of excellent drawings. 

r. W Bennett 

General Metallurgy. By II. O. Hofman. 23 X 17 cm; pp. mi -f pop 
New York: McGraw-Hill Book Co., IQ13. Price: Sd.oo.—-The preface states 
that the aim of tlie book is to cover the field of general metallurgy as a whole, 
that the point of view is that of the metallurgist who has a leaning toward physical 
chemistry, and that special attention has been paid to the mechanical apparatus 
used in metallurgy. 

The book is long, but is concisely written, notw'ithstanding. Literally 
thousands of references add greatly to its value. 

The proportioning of the subject matter in a book of this nature is a matter 
on which all readers cannot be suited Even in a book of over 900 pages most 
readers will feel that the author has left the impression that Sam Weller said 
it was the great art of letter-writing to give—to make the reader wish there was 
more. The probable explanation of the omissions and condensations is that this 
volume is the first of a series, the rest of which will deal with the more specific 
problems of metallurgy Yet it is a bit startling to find that Chapter V, ores, 
consists of one page. Some thirty pages are devoted fo the phase rule applied 
to alloys, but the reader who can use these thirty pages will wish for more con¬ 
crete applications of the theoretical diagrams for the different cases and will 
finally turn to Desch’s “Metallography” instead. If this part of the book were 
to be included at all,* one would wish the author had pointed out that equilibrium 
conditions in alloy.s are rare and that the equilibrium diagram is perhaps most 
useful as a basis for considering the deviations from it When he comes to 
slags, the author gets down to business with the phase rule and makes a tool of 
it by many practical applications. 

The discussion of the properties of metals gives what the metallurgist 
wants to know better than most books on materials of construction. The 
paragraphs on occlusion and diffusion of gases in metals, and on volatility of 
metals are particularly good. 

On refractories, the book is almost up to the standard of Havard’s “Re¬ 
fractories and Furnaces.” 

The bot>k is in general, well up to date, many 1913 references being included. 
The discussion of electric furnaces is an exception to this, and is very sketchy. 

One feels that the treatment of electrolytic refining is also a bit weak, but 
perhaps the author is saving a better discussion for later volumes of the series. 

The classification of coals, peat and its briquetting, charcoal, coke, coal 
gas, producer gas, water gas, and the mechanism for their production are 
very well dealt with. There is considerable information on pulverized coal and 
on oil burners. The description of the mechanical appliances for ore crushing 



New Books 


8i 


and concentration, for rolling, drawing and forging metal, of pumps, filter presses, 
chimney blowers, roasting blast and reverberatory furnaces, gas scrubbers, dust 
collection by the Cottrell and other processes, blast dryers, and of regenerators, 
are of immense practical value and are aided by many good illustrations 

Not content with helping the metallurgist out on his engineering problems, 
the author also gives him aid on the chemical side with a clear discussion of the 
reactions desired in roasting, smelting and fluxing, and in general with the funda¬ 
mental chemistry of the metallic compounds dealt with m metallurgical work. 
Colloids get brief mention in relation to clays and slimes 
There are few real errors, although on ]> 59 we read “If two metals are to 
be alloyed, and one is volatile at the melting point of the other (c g , Zn and 
Cu) they are charged together in order that the readily fusible metal may dis¬ 
solve the more refractory,” which is not the case in making of yellow^ lirass where 
the Cu is melted before “s^ieltering ” 

Cn p 377 the formation temperature of silovicoii is given about irxio" C 
too high, though that of carborundum, on the next page, is correctly given 
Some errors in ])roof-reading show up—“violatile” p 229. “7900® C,” p 247, 
“O” for o. p 315, “CH2” as a gas p 22, “Rankine” for Rankin, p 344, a 9 111- 
.stcad of a o in the figure in Table 144 for the heat conductivity of chromite 
brick, “alumduni” and “4450” C” p 370, “Oratios” p 437 

The discussion of jiyrometers is (luite long, but why include such things 
as expansion pyrometers and the thermophone and omit all mention of the 
Morse or Holborn-Kurlbaum instrument, or of base metal thermocouples^ 
With the rather full description of the methods of manipulating bomb calorim¬ 
eters and gas calorimeters, one would expect that one would be told enough 
of the ofieratiori of thermocouples to include more than a passing mention of cold 
junction corrections, and a little more practical information on protecting tubes 
The limitations of the use of Seger cones, pp 133, 438, arc correctly stated 

The la.st cha])ter “ Kconomic Considerations” is not of much actual value 
111 Itself, but one is glad to see even five pages on management, orgaiu/ation of 
work and cost accounts in a work of this sort, as it serves as a hint to the metal¬ 
lurgist that It is not out of place for one who may deal chiefly with fuels, ores, 
and furnaces, to know something about these other things 
The binding, paper, iirint, and illustrations are good. 

The book is not only a general treatise, which will give the .student a good 
idea of its field, but is also a reference book holding a vast amount of detailed 
information in its crisp sentences and its well chosen tables It will be the 
book that the metallurgist will turn to first in search for information on almost 
any subject in his line If he does not find the information itself, he is almost 
sure to find references that will give it. There are few chemists or engineers, 
even though working in fields far removed from the metallurgical, who would 
not find much of ti.se to them in the description of mechanical processes 

It is the only book covering the broad field of general metallurgy, and it 
covers it well. Gillett 

Conferences sur quelques themes choisis de la Chimie physique. By .Svante 
Arrhenius, 14 X 23 cm; pp J12. Paris: A, Hermann Fils, This 

volume contains five lectures: the molecular theory; suspensions and the 
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phenomena of adsorption; free energy; the atmospheres of the planets; physical 
conditions on the planet Mtirs. The first three were delivered at the Sorbonne, 
the fourth before the French physical chemical society, and the fifth before the 
French physical society. 

In the second lecture Arrhenius introduces a new formula for the adsorption 
isotherm which he considers an improvement on Schmidt’s. The improvement 
is not recognized as such by Schmidt The last two lectures merely give, in 
condensed form, what has already appeared in other books that Arrhenius has 
written. As is well known, Arrhenius does not believe in the existence of canals 
on Mars He considers that what we see are geotectonic fissures. Since 
Arrhenius also believes that +5° C is a high mid-day temperature on Mars in 
summer, of course he cannot see any object in irrigation even if there were canals 

Wilder D. Bancroft 

Chemical German. By Francis C. Phillips 23 X 16 cm; pp. in + 241 
Easton: The Chemical Publishing Co, 1913. Price: $200. —In the preface the 
author says: 

“In the following pages an attempt has been made to provide students of 
chemistry with a course in German which will serve as an aid in reading the 
German literature of this science Students of German, however proficient 
they may be in the classical literature of the language, find difficulties in master¬ 
ing the German scientific nomenclature and such difficulties arc increased by the 
lack of dictionaries giving correct meanings of .scientific terms. 

“Many textbooks on .scientific German have atipeared, but it has become 
common in the planning of such textliooks and in the teaching to regard scientific 
German as a subject that could be taught and studied rather remotely from the 
sciences concerned in the student’s plan of work and, in attempting to cover tin* 
entire .scope of the various sciences entering into university curricula, the fact 
has, to some extent, been overlooked that the German nomenclature of a single 
science should be»studied by the student more sy.stematically and in greater 
detail and after he has become sufficiently advanced in the science to grasp the 
meanings of technical terms and to understand their uses 

“Of the various sciences none is more indebted to the Germans for its past 
and present development than chemistry and the student of advanced chemistry 
is preeminently in need of a knowledge of Ck'rman .sufficient to enable him to 
read the best German chemical literature There is need for a standardizing 
of the courses in scientific German. When this is secured it will probably be 
required that the student should have definite knowledge of the German nomen¬ 
clature of the particular sciences in which he is partially specializing. For the 
attainment of a standard of knowledge there is need for textbooks upon the 
German of particular sciences. 

“The present book is a contribution to the portion of scientific German 
which deals with chemistry. It contains rules of nomenclature interspersed 
with exercises intended to illustrate the use of German chemical terms per¬ 
taining to general chemistry, inorganic and organic, and to the various processes 
of the laboratory. These are followed by a collection of extracts from the 
writings of noted German chemists, having in many cases direct bearing upon 
the history of chemistry. A vocabulary of the more common German terms 
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used in chemistry will aid the student in his translations The work is intended 
for students who have had at least a year of German and who have mastered the 
elements of chemistry 

This seems like a good book and one that should be serviceable to the num¬ 
berless students of chemistry, very few of whom now read German with any 
fluency Wilder D Bancroft 

Liquid Steel, Its Manufacture and Cost. By David Carnegie 24 X 16 cm; 
pp. V 4 - 520 New York: Lonn^mans, Green & Co , jqi^^ Price: $7 50 net — 
In view of the rapid increase in the demand for steel in this and other countries, 
the author thinks that it is very important to educate men in the money value of 
differciit materials and processes used in steel manufacture 

‘‘vSc^veral standard works on the metallurgy of steel, to which reference has 
been made in the following jiages, deal, in some measure, with the cost of steel 
manufacture, but so far as I am aware no previous attempt has been made to 
compare systematically the costs of all the steel making processes, having in 
view their metallurgical an<l engineering significance ” This w'ork has been 
undertaken therefore to meet this need To the reviewer it is one of the most 
exhaustive books dealing with this iihase of the subject. It represents a large 
amount of work, and is worthy of careful consideration In the comparison 
of costs of similar processes, the following items are kept in mind throughout 
“ I All Items of cost of manufacture are included up to that stage where 
the liquid steel is leady for use 

2 The steels produced in similar processes conform to the same standard 
of tests, unless otherwise stated 

.1 The same outputs arc taken during like jienods 

4 The cost of raw materials, fuel, power, labor, etc , for like processes aie 
taken at the same market value " One great valu(‘ of the book depends on the 
care with which v'arious cost items are given All costs are carefully itemized, 
so that it is easy to change the author's estimate to meet local conditions 

This book is not only a comparison of the costs of liquid steel, but it is also 
a manual on liquid steel The materials used m manufacture arc carefully de 
scribed, jiractically all the types of furnace are considered very carefully from the 
standpoint of American and ICuropean practice For instance, in Chaptei 2, 
a discussion of ores, pig iion, refractory materials, fluxes, fuels, and ferro-alloys 
is given, advantages and disadvantages of different types of materials, analyses 
and costs The manufacture of special steel in the crucible furnace is then taken 
up in detail Drawings of all important types of furnace, gas and coke fired, 
American and Cierman furnaces, are given Itemized costs ol producing liquid 
steel arc then included for the various types of furnace 

The history and development of the basic and acid Bessemer process arc then 
considered in detail Development of the converter with apparatus used in 
connection with it, and converter practice, m large and small plants aie then 
given. Costs under different conditions are then included, both as to cost of 
machinery and cost of operation of plants. 

The acid and basic open-hearth processes are described 1 he divscussion of the 
development of the furnace is concluded with the following paragraph 

‘"From the foregoing descriptions it may be concluded that the modern 
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Open-hearth furnace differs only in sm^l details from the original furnace de¬ 
signed by Siemens Brothers. The principle of regeneration is the same today 
as when applied in 1856 by Frederick Siemens. The introduction of the gas 
producer was a step forward, as the use of four instead of two regenerators be¬ 
came possible, hence both gas and air were healed before mixing in the furnace. 

‘'The most noticeable feature of the modern furnace when compared with the 
first furnaces employed for steel making is the magnitude of the capacity. Fur¬ 
naces of the fixed type are made as large as 180 tons’ capacity, while the tilting 
furnace of the Talbot continuous type are made to take 250 tons.” As before, 
the arrangement in large and small plants is discussed in more or less detail. 
Preparation of steel in the electric furnace next demands attention. After a 
discussion of the older furnaces, arc and induction type, there follows a short 
discussion of the later development in furnace practice. 

The Frick, Hiorth, Paragon, Electro-metals, Nathusius furnaces are in¬ 
cluded. Short descriptions are given of the Cutts, Ruthenburg, Anderson, 
Chaplet, Levoz, Helberger, Hering, and Igewsky, furnaces which are probably 
of doubtful commercial value. Short descriptions of chemical reactions occurring 
in the electric furnace are given, with the co.sts of preparing liquid steel in the 
various furnaces. 

At the end of these discussions are found tables where the costs of the different 
methods are assembled for comparison A system of keeping and assembling 
works’ costs, and a short chapter on the conditions of labor costs conclude the 
volume. 

The book contains over a hundred tables, ten large plates, and over 250 
cuts. It contains a large amount of data and information in a convenient form 
for ready reference. C W Bennett 

Ubiingsbeispiele aus der unorganischen Experimentalchemie. By Hem- 
rich Biltzand Wilhelm Biltz Second edition. X 17 cm; pp Hi -h 237 Leip¬ 

zig: Wilhelm Engelmen, 1913. Price: 8 marks. —The first edition was reviewed 
six years ago (12,* 140), The present edition differs from the first “only in small 
though numerous changes.” The seven experiments under the head of colloidal 
state are: Bredig's colloidal platinum; colloidal antimony sulphide, adsorption 
of iodine by charcoal; lanthanum blue; molybdenum blue; colloidal gold solu¬ 
tions; hydrogels as semipemieable membranes. Wilder D. Bancroft 

Optique physique. By R W. Wood Translated by II. Vigneron and II. 
Labrouste.* Vol. I. 23 X 17 cm; pp. 424. Paris: Gauthier-Villars, 1913. 
Price: 16 francs. —The second English edition of physical optics was reviewed 
(i5> 707) two years and a half ago. There is to be a French edition in two 
volumes, of which the first volume has now appeared. The book was well 
worth translating and the translators are to be congratulated on making this 
work of Wood’s available to French readers. Wilder D. Bancroft 



SOME REACTIONS OF LIQUID ANHYDROUS AM¬ 
MONIA AND ACETYLENE 

BY F. G. COTTRELL 

It has been shown by Moissan' that the blue solutions 
formed by sodium, potassium, lithium, and calcium in liquid 
ammonia are instantly decolorized when acetylene is run 
into them. Upon evaporation of the liquid the crystalline 
compounds Na2C2.C2H2; K2C2.C2H2; Li2C2.C2H2.3NH3 and 
CaC2.C2H2.4NH3 are obtained. Upon gentle heating these 
lose ammonia and acetylene and the pure carbides remain. 
At higher temperatures all of these except calcium carbide 
decompose into their elements. 

The following work had as its starting point the attempt 
to extend this method to the preparation of magnesium car¬ 
bide which up to the present has apparently never been 
isolated in a pure state. The nearest approach to this, at 
the time this work was undertaken in 1906, being an experi¬ 
ment, also due to Moissan,- in which acetylene was passed 
over gently heated magnesium powder and a black mass ob¬ 
tained which in contact with water liberated acetylene and 
when heated in the electric furnace broke down into its ele¬ 
ments. More recently Novak'* by a quantitative physico¬ 
chemical .study of the reaction of acetylene on metallic mag¬ 
nesium at temperatures from 500° C to 800° C, has defi¬ 
nitely established the existence of the two carbides MgC2 
and MgoCs, and indicated their relative ranges of stability 
with regard to temperature, but was unable to isolate either 
of them in a pure state. 

"While the preparation of a pure magnesium carbide was 
the original incentive for the present work, it soon became 
only an incident to the study of the wider range of reactions 

’ Moissan. Coniptes rendus, 127, 911 (1898) 

2 Ibid , 126, 302 (189S) 

Novak, J.* “Zur Keniitniss der Magncsiunicarbide,” Zeit. phys Chem , 
73 » S13 546 (1910) 
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here described. The non-formation of magnesium carbide 
in the electric furnace coupled with the determining influence 
which the content of magnesium in silicate fusions appears 
to exert upon the crystallization of carbon as diamond^ both 
in nature and in the laboratory, make a knowledge of its 
properties, and especially its stabihty as regards temperature 
of considerable interest. 

All of Moissan’s work with liquid ammonia and acetylene 

was carried out in open ves¬ 
sels, i. e., not far from the 
normal boiling point of the 
liquid ammonia (—33° C). 
At these temperatures mag¬ 
nesium is not appreciably 
attacked by mixtures of am¬ 
monia and acetylene. Higher 
temperatures and pressures 
were therefore imperative, 
and the following method 
was finally adopted as the re¬ 
sult of a rather extensive 
series of experiments: 

Fig. I shows the appa¬ 
ratus used. From 0.04 to 
0.08 gram of freshly scraped 
magnesium ribbon was placed 
in the glass tube I before 
drawing down at H. This 
was connected by the stout 
rubber tube E to the glass 
bulb A filled with fine gran¬ 
ular wood charcoal. Through the tube B and the three-way 
stopcock C the whole apparatus was exhausted as far as possible 
with an ordinary water jet pump, the bulb A being heated 
strongly with a Bunsen burner. The water jet pump was then 

’ Hasslinger, R, v. and Wolf, J.* Monatsheft fiir Chemie, 23, 817-822 
(1902); 24, 633-647 (1903). 
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shut off by rotating C a half turn, and as soon as A cooled to 
room temperature it was immersed in liquid air. By con¬ 
necting the metallic terminals in D to an induction coil the 
vacuum produced by the absorption of gas in the charcoal* 
could be easily judged from the character of the discharge. 
When the green fluorescence characteristic of high vacuum 
appeared, the tube I was heated with a burner as strongly as 
possible without softening the glass. The appearance in D 
clearly indicated the liberation of gas under this treatment 
although no appreciable change in appearance or weight 
took place in the magnesium ribbon. With powdered mag¬ 
nesium in some of the early experiments the gas current 
was so strong as to blow the fine particles of the metal over 
into the pump. Slight as was the amount of gas removed 
from the metal, the treatment aided greatly in ensuring the 
subsequent action of the acetylene. Tubes given this treat¬ 
ment never failed to react promptly, while exactly similar 
preparations where this treatment was omitted only entered 
into reaction days or weeks after their preparation and some 
have now stood for several years without reacting appreciably. 

When the tube I had cooled, connection was broken Avith 
the rubber tubing, G was half immersed in liquid air and first 
acetylene and then ammonia (both as gases) passed in through 
a narrow delivery tube until the desired amount of each had 
collected. While the mass was still frozen solid a small 
amount of magnesium or sodium or some of their carbides from 
a previous experiment was added to G. Connection was again 
made with the charcoal pump and with G still immersed in the 
liquid air, a vacuum corresponding to a few hundredths of a 
millimeter of mercury or less established, and the tube sealed 
off at F. The ammonia gas was drawn from a small steel 
cylinder charged with a good quality of commercial liquid 
ammonia and a few pieces of metallic sodium as dehydrating 
agent. Between this cylinder and the delivery tube was in¬ 
serted a glass tube packed with alternate layers of quicklime 


Dewar: Chem. News, 94, 173-*75. 185-188 (1896). 
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and ignited asbestos. The acetylene generated from com¬ 
mercial calcium carbide and stored over water in a gas holder 
passed from thence through calcium chloride and phosphorus 
pentoxide, drying tubes to the delivery tube. Early experi¬ 
ments with more elaborate purifying apparatus showed no 
difference in the results and were discarded for the bulk of the 
work as unnecessary for the purpose in hand. 

Upon thawing out G the metal or carbide in this limb 
underwent reaction with whatever moisture had found its 
way in, producing a flocculent mass of hydroxide. The limb I 
was then cooled and part of the contents of G distilled over 
into it, washed about and run back into G. Finally, the total 
liquid contents of G were distilled over into I, the latter frozen 
solid with liquid air and sealed off at H. Upon allowing I 
to thaw out and attain room temperature, a steady and 
vigorous action upon the magnesium almost always set in 
within a few minutes. Clouds of fine bubbles arose and the 
ribbon soon became covered with a white crust whose thick¬ 
ness grew to a maximum of about 2 mm or 3 mm by the time 
the last of the metal disappeared. This usually required from 
a quarter to half an hour. The use of magnesium powder in 
place of ribbon increased the velocity of the reaction so that 
the temperature rose rapidly and even with external water 
cooling several violent explosions of tubes resulted, one com¬ 
pletely shattering a plate glass screen 8 mm in thickness. 
When the magne,sium was in several pieces the action would 
often begin on one of these and continue for some time before 
the others became visibly affected, but if other pieces were 
brought in contact with this one by tipping the tube, action 
rapidly spread to them, suggesting the phenomena of the 
passive state, which has already been reported for magnesium 
in aqueous solutions. ’ 

If, after the disappearance of the metal, the tube was left 
undisturbed for some hours, the white crust underwent a 
complete recrystallization into large, colorless, transparent 

* Baborowsky Zeit Elektrochemie, ii, 456 (1905). 
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crystals, many of which were perfectly regular tetrahedra, 
though many appeared to show other forms as well in com¬ 
bination. If the removal of moisture from the liquid in the 
limb G had been complete, the liquid remained perfectly clear; 
but the slightest trace of moisture produced separation of 
flocculent hydroxide. The solubility of the crystals in the 
liquid is very small indeed. 

After the contents of the tube had undergone thorough 
recrystallization, the whole was again frozen, a scratch made 
on the portion H, connection made by means of rubber tubing 
with a gas-holder full of water, and as the tube began to thaw 
out and develop pressure, the tip was broken off at the scratch 
within the rubber connection. The excess of ammonia was 
quickly absorbed by the water of the gas-holder and the 
excess of acetylene by subsequent treatment with ammoniacal 
cuprous chloride solution. The greater part of the residual 
gas proved to be ethylene and was absorbed by fuming sul¬ 
phuric acid. The residue from this treatment was passed 
through a small U-tube cooled in liquid air which effected the 
condensation of a portion of it. What passed through was 
practically pure nitrogen undergoing no change in passing 
over hot copper oxide and subsequently caustic potash. 

The contents of the U-tube upon evaporation and analysis 
proved to be ethane. The volume of this latter gas varied in 
different experiments from about an eighth to a twelfth that 
of the ethylene. Owing to the solubility of the gases in the 
water of the gas-holder these results can only be considered 
as approximate and in all probability the proportions vary 
greatly with the conditions of experiments, such as con¬ 
centration of acetylene, temperature of reaction, etc. The 
residual nitrogen usually amounted to several cubic centi¬ 
meters and seemed rather greater than was likely to have come 
from accidental introduction of air during the manipulations. 
It may, however, have been dissolved in the acetylene and 
ammonia during their liquefaction. In one tube where the 
action had been particularly vigorous and the solid had caked, 
it was thought that a trace of hydrogen was detected. The 
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analysis of the gases was only carried out to characterize the 
reaction products qualitatively. Moissan found in the corre¬ 
sponding reactions with the alkali and alkali earth metals* 
that the hydrogen displaced by the magnesium reacted quan¬ 
titatively with excess of acetylene to form pure ethylene and 
nothing else. It seems quite probable that the presence of a 
metallic surface in the one case and the difference in tempera¬ 
ture and pressure at which the two reactions were carried out, 
may account for this difference in type, especially as else¬ 
where Moissan* states that dry potassium liberates hydrogen 
when reacting with acetylene at room temperature. 

Returning now to the subject of the crystalline product 
of the reaction, it was found that, after the last of the ammonia 
had evaporated, the crystals retained their perfect trans¬ 
parency and no further gas was given off as the temperature 
of the tube gradually rose, until -+-2° C was reached. At this 
point liberation of ammonia set in quite sharply. On cooling 
to 0° reabsorption took place. If from this point the tem¬ 
perature was allowed to rise quickly to that of the room, the 
ammonia became contaminated with considerable acetylene, 
the quantity of the latter varying with the rate of heating. 
If, however, the temperature of the room was only slowly 
attained (in the course of several hours) the ammonia did not 
contain more than i or 2 percent of acetylene, some of which 
probably came from minute liquid occlusions within the 
crystals. 

' The residual solid may then be heated up to a little over 
60° C before appreciable quantities of gas are again given off. 
Between 60° and 65 ° a second liberation begins, not as sharply 
as the former one, and increases in velocity up to about 90° 
or 100°, at which tepiperatures it is practically completed 
in a few minutes. The gas given off is a mixture of ammonia 
and acetylene, its composition varying with the rate of heat¬ 
ing, but, under ordinary conditions, averaging about 2 vol. 
NHs to 3 vol. CzHj. The solid lumps of the compound remain. 

1 Moissan: Comples rendus, 127, 915 (1898). 

® Ibid., X26, 302 (1898). 
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white pseudomorphs of the original crystals. Some of this 
material was further heated in a glass tube immersed in a bath 
of fused sodium and potassium nitrates, the temperature being 
observed on a Le Chatelier thermocouple pyrometer. Up to 
400° C little or no visible change took place, as the tempera¬ 
ture rose (at the rate of about 2° or 3° per minute). Above 
this temperature the mass began to darken. By the time 
425° was reached it was a slate gray and at 450°, entirely 
black. 

After several unsuccessful attempts to weigh out portions 
of the crystalline product stable at 0° and to effect its 
analysis by the usual methods, the following procedure 
was adopted as the only one giving reasonably concordant 
results. The material loses ammonia and acetylene so readily 
and is so extremely sensitive to moisture that any attempt to 
divide a single preparation into separate portions for analysis 
was abandoned. The tube of crystals made from accurately 
weighed amounts of magnesium ribbon was brought to 0° C 
as described above and left in the ice bath until no further 
gas was evolved. The lip was then sealed in the blast lamp 
and the tube was removed from bath and weighed. The 
contents of the tube were shaken completely down into a 
compact mass at the bottom and the tube cooled for about 
half its length in liquid air, thus creating a vacuum within. 
A small rubber tube provided with a pinch-cock and com¬ 
municating with a bottle of 30 percent sulphuric acid was 
slipped over the capillary end, whose extreme tip was then 
broken off inside the rubber tube and the acid cautiously 
allowed to enter the tube at just such a rate that it reached 
nearly down to the mass of substance but did not touch it 
before solidifying completely. The tube was then filled about 
two-thirds full and its tip again sealed in the blast lamp. It 
was next allowed to thaw in a part-way inverted position, 
and finally the carbide gradually shaken down into the acid, 
care being taken not to hasten this process unduly, on account 
of the heat and pressure thus generated. Even with these 
precautions some tubes were lost by explosion at this point. 
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The substance went into solution and a crystalline precipitate 
of the double sulphate of magnesium and ammonium sepa¬ 
rated. When the action was complete, the tube was turned 
capillary end up, again frozen in liquid air, connected to a gas 
burette and allowed to thaw out. The liberated acetylene, 
after collection and measurement in the burette, had its 
purity checked by absorption in ammoniacal cuprous chloride 
solution. The sulphuric acid solution was washed out of the 
tube, and diluted up to loo cc; 20 cc of this were used for 
ammonia determination by distillation with alkali and titra¬ 
tion with standard acid. In a few cases the magnesium was 
also determined in this solution as pyrophosphate, but where 
no loss had occurred by spurting during the preparation of the 
crystals it was found more accurate to base the computations 
on the weighed amount of magnesium charged into the tube 
at the start. 

Two analyses of the magnesium ribbon showed it to 
contain 98.9 and 98.6 percent Mg, respectively. Of the re¬ 
mainder, 0.2 percent was aluminum and the balance probably 
chargeable to alkali and alkali earth metals. The presence 
of nitrogen in the reaction gases already referred to, as well 
as the effect on the magnesium of heating in the vacuum, 
suggested the possibility that the metal might contain an ap¬ 
preciable amount of occluded gas. To settle this point some 
2 grams of mercury and 0.0520 gram of clean magnesium 
ribbon were placed in a tube of 2.5 cc capacity which was then 
completely evacuated and sealed off. The mercury was next 
boiled gently for two or three minutes until it completely 
dissolved the magnesium and the whole was allowed to cool. 
The tip of the tube was then snipped off under mercury. 
The tube filled all but a small bubble whose volume was 
determined as 0.066 cc by weighing the tube in this condition 
and again when completely full of mercury. The quantity 
is of course too small to be of any significance in the present 
connection. 

The result of the analyses as a whole is to fix the com- 
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position of crystals stable below 2° C as MgC2.C2H2.5NH3, 
as appears from the following data: 


Tube 

Mol C2H2 

Mol NHj 

No 

per aloni * 

Mg 

per atom 
Mk 

45 

I <S6 

— 

47 

1 91 

4 ^3 

49 

2 06 

4.87 

51 


4 95 


The acetylene in tube 49 was not measured directly 
but calculated from the total weight of the compound and that 
of the ammonia and magnesium. The volume of ammonia 
given off on slowly warming up the crystals from C to 
room temperature, was measured in tubes 38 and 41 and 
found equivalent, respectively, to 1.52 and 1.48 molecules 
C2H2 per atom of Mg, this being confirmed in the case of 
tube 41 by direct determination of ammonia in the 
residue which gave 3.51 molecules of ammonia per atom of 
magnesium. The compound stable between 2*^ and 60° 
would therefore appear to be (MgC2.C2H>)2.7NH3. 

The peculiar relation between the acetylene and the 
ammonia liberated at higher temperatures finds its best 
explanation by analogy with hydrated salts of weak bases. 
For examj^le, if we attempt to drive off the water of crystal¬ 
lization from magnesium chloride we obtain a mixture of 
water vapor and hydrochloric acid in varying proportions, 
depending upon the rapidity of heating and a more or less 
basic chloride is left behind, due to hydrolysis of the chloride 
by its water of crystallization. The present phenomenon is 
correspondingly the ammonolysis’ of magnesium acetylide 
(or acid carbide) by its ammonia of crystallization. 

An analysis of some of this product after heating at 150'' 
was made early in the work (tube 20) before the method of 


(1905). 


' Cf. nomenclature of E. C. Franklin: Jour. Am Chem vSoc , 27, 826 
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preparation was fully in hand, but the results clearly indicate 
what had happened. The carbon was determined by measur¬ 
ing the volume of acetylene liberated by hydrochloric add 
in an eudiometer tube, magnesium by addition of nitric add 
and ignition to oxide and nitrogen by distillation with alkali 
and titration with add. The result was 


1 

Percent 

Mg 1 

45-5 

N 

1 44-3 

c ! 

3-7 

HI 

6.3 

i 

1 

' Total, 99 8 


This corresponds fairly closely to a mixture of 7.5 percent 
MgC2 and 92.5 percent Mg(NH2)2. In other words, the 
carbide was over 90 per cent ammonolyzed in driving off the 
ammonia of crystallization. The residue, when strongly 
heated, gave off some ammonia mixed with much nitrogen 
and hydrogen, due undoubtedly to decomposition of the 
amide into nitride. 

It seemed probable that if the ammonia could be driven 
off at a lower temperature, less of the carbide would be 
ammonolyzed. To accomplish this the following method was 
adopted: A tube of the crystals (No. 52) was prepared in the 
manner described above. This tube I (Fig. 2) was then sealed 
to a tube of charcoal, J, through the T tube, the open end of the 
T connecting with the rubber tube of the charcoal air pump 
(Fig. i). Tube I was kept in a bath of ice water while the whole 
apparatus was exhausted as previously described in the prep¬ 
aration of the crystals themselves, the tube J being strongly 
heated during this procedure. The apparatus was then 
sealed off at L (Fig. 2), the tube J placed in a flask of liquid air 
and the tube I in an ice water bath and left over night to 
slowly warm up. Next morning the ice bath had reached a 


^ Calculated for Mg(NH2)2 from observed N. 
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temperature of 9°. With the tube J still in liquid air tube I 
was next heated in an air bath together with a similar tube 
(No. 48) which was not connected 
to a charcoal pump but merely left 
open through a fine capillary to main¬ 
tain atmospheric pre.ssure. The tem¬ 
perature of the air bath was raised 
to 50° in the course of half an hour 
and a current of gas was seen to stir 
the contents of tube 52 very per¬ 
ceptibly. The temperature was then 
slowly raised during the next five 
hours to 145°, when tube 52 was 
sealed off at M and tube 48 was 
sealed at its open tip. Both tubes 
were then cooled and subjected to 
analysis in the way already described. 

In tube 48 the reaction of the solid 
upon the sulphuric acid was, as usual, 
vigorous but not explosive, while in 2 

tube 52 it was accompanied by a bright flash and a blackening 
of the contents of the tube, apparently from the decomposition 
of the acetylene with separation of carbon. 

Tube 48 was originally charged with 0.0558 gram of 
metallic magnesium and tube 52 with 0.0589 gram. Trom 
tube 48 only 7 cc of gas were obtained and of this over i cc 
was evidently entrained air, the rest being acetylene whereas 
had the magnesium formed pure carbide 54 cc of acetylene 
should have resulted. The ammonia determination gave 
0.0542 gram nitrogen as against 0.0643 calculated for pure 
Mg(NH2)2. The sum of the carbon and nitrogen is here 
hardly sufficient to satisfy the whole of the magnesium unless 
some of the amide had already gone to nitride or traces of 
moisture worked in while the tube was heating in the air 
bath. However, the same preponderance of amide over 
carbide is here again illustrated as in tube 20. Tube 52, on 
the other hand, furnished 54 cc of gas as compared with 57 
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required by theory for pure MgCj. Of these 54 cc only 9.7 
cc were still undecomposed acetylene, the remainder being 
practically pure hydrogen, probably corresponding to the 
carbon which had been precipitated in a dense black mass 
throughout the tube. The ammonia determination gave 
0.0083 gram N corresponding to about '/j mol NH3 to every 
atom Mg. The violence of the action makes it unsafe to lay 
too much stress on the quantitative interpretation of the 
volume of free hydrogen, but it is certainly evident that the 
vacuum treatment here greatly favored the formation of 
carbide at the expense of the amide—which was the object 
of the experiment. 

Tube 54 was treated in the same manner save that the 
charcoal tube was started at a temperature of about 5° in 
place of 0° and this treatment continued, the temperature 
gradually rising to that of the room, during four days in place 
of simply over night. The analysis of the product showed about 
three-quarters of the Mg as carbide and the remaining quarter as 
amide, pointing to the conclusion that if carbide of higher 
purity than that from tube 52 is aimed at most of the ammonia 
must probably be removed at temperatures below 0° C. 

By way of comparison the action of both liquid acetylene 
and liquid ammonia was tried separately on metallic mag¬ 
nesium. In the case of the pure acetylene no action what¬ 
ever occurred although the glass tube containing the mixture 
has now been under observation for over seven years and lay 
for nearly a year exposed to direct sunlight where it was 
often above the critical temperature of the liquid (1. c., 37° C.). 

In the case of pure ammotiia on the other hand, it was 
found, if the materials were dried with sufficient care, that the 
liquid soon took on a blue color which reached a fairly constant 
intensity within a short time, usually less than an hour. 
This has now persisted in one tube where magnesium ribbon 
was used, for over seven years, while most of the metal has 
gradually changed to a fine light gray, apparently amorphous 
powder. This reaction involves liberation of hydrogen as 
shown by opening the tubes after freezing. In the tubes 
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where the metal was in the form of fine powder the blue color 
disappeared after some months, probably marking the final 
conversion of all the metal to amide. The tube, above men¬ 
tioned as still showing blue color after seven years, was kept 
in a cool place most of the time which probably accounts 
partly for the difference in its behavior. 

A tube (No. 25) charged with 0.1019 gram of very pure 
magnesium powder previously heated under high vacuum and 
a large excess of pure, dry ammonia retained its blue color 
essentially constant for about six months, at the end of 
which time the metal seemed to have been completely con¬ 
verted into the white powder, and the blue color disappeared. 
The tube was left for three months longer. The contents 
were then frozen in li()uid air and an attempt made to collect 
and measure the hydrogen evolved but unfortunately upon 
breaking the capillary tip of the tubc^ within the rubber con¬ 
nection to the gas ])urette, the sudden rush of compressed 
hydrogen burst even the heavy-walled rubber tubing used 
for the puri)ose and the gasometric determination was lost, 
a small amount (estimated at much less than 1 percent of the 
whole) of the solid which had lodged in the caj)illary w^as also 
lost. The tul)e w'as thawed out and the ammonia allowed to 
evaporate, leaving a line, pure white powder weighing 022 
gram as against c).2^:^6 gram calculated for Mg(NHj)o had the 
whole o. 1019 gram of metal been converted into this com¬ 
pound. The discre])ancy may be ticcounted for over and above 
what was lost in opening the tube either by vSome of the metal 
having escaped complete reaction even in the time allowed or 
by presence of oxide and other impurities in the fine magnesium 
powder used. The agreement is considered, however, suffi¬ 
cient under the circumstances to justify the conclusion that 
magnesium behaves precisely like the metals of the potassium 
group, forming first the typical blue solution of the metal 
itself which then slowdy decomposes into amide and hydrogen 
It is evidently vastly less soluble as metal than any of the 
other alkali or alkali earth metals. The addition of platinum 
black to the tubes hastens the conversion to amide to some 
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extent. A pair of platinum wire electrodes was sealed into 
one tube and when a current was passed through the hquid, 
blue streaks developed from the cathode and an alm ost micro¬ 
scopic tree-like growth of bright metal grew out from this 
electrode along the glass. 

Although pure ammoniathusevidently does react with mag¬ 
nesium, the reaction is so slow a process that it can be entirely 
disregarded in comparison with the rapid and energetic re¬ 
action of the acetylene and ammonia mixture. It was found, 
however, that the pure amide from tube 25 added to the 
mixture of ammonia and acetylene underwent an almost in¬ 
stantaneous transformation to the crystalline acetylide with 
five molecules of ammonia described above. This naturally 
raised the question as to the state of the acetylene dissolved 
in the ammonia. Was it dissociating as an acid, and com¬ 
bining to form ammonium carbide or acetylide? If these 
compounds were formed in appreciable amounts we might 
with some confidence expect them to raise the conductivity 
of the ammonia. Accordingly a tube was prepared similar 
to that shown in Fig. i, save that at the bottom of the limb I 
a pair of sheet platinum electrodes were sealed in, and no 
magnesium was placed in this limb. A strip of magnesium 
was however placed in G which was then charged with a 
mixture of about i part by volume of liquid acetylene to 4 
parts of liquid ammonia. The tube was finally frozen, ex¬ 
hausted, and sealed at F in the usual manner. The resistance 
capacity of the vessel was determined before the final filling 
by measuring 0.02 normal potassium chloride solution in it 
which showed a resistance of 120 ohms at 23.7°. 

Upon first distilling the mixture of acetylene and ammonia 
over from limb G to I it showed a resistance of only 4000 ohms 
at room temperatiure. It was washed back into G and allowed 
to stand several days in contact with the magnesium strip. 
The latter not having been previously heated in vacuum did 
not react with the mixture as in the tubes described in the 
first part of this paper, but only slowly tarnished on the 
surface. Every few days the liquid was distilled over again 
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into I, its resistance measured with Wheatstone bridge and 
telephone at room temperature (15-19° C) and then poured 
back again into G. The resistance rose during a week to nearly 
600,000 ohms and at the end of a month was over 1,300,000 
from which the non-existence of any significant amount of 
ammonium carbide even in solution seems a safe inference. 

To test the action of the mixture of acetylene and ammo¬ 
nia on other metals, tubes were prepared containing copper, 
zinc, and aluminum, but in no case can any action be noticed 
although these preparations are now several years old. 

On the other hand, the solution in liquid ammonia of the 
solid colorless hydrocarbon fluoren C'laHio which like acetylene 
is known to haA-e one hydrogen easily replaceable with metals, 
was found to react readily with metallic magnesium at room 
temperature giving a deep orange-red solution and a granular 
residue of the same color which later underwent partial re¬ 
crystallization in the liquid, forming long needle crystals. 
This product and reaction have not been further investigated. 

Summary 

At room temperattire liquid acetylene does not react with 
metallic magnesium ljut mixtures of liquid anhydrous ammonia 
and acetylene react fairly readily with the metal, forming 
the crystalline compound MgC2.C2H2.5NH3 and ethylene 
mixed with smaller quantities of ethane. Phenomena sug¬ 
gestive of a passive state of the metal are also noted in this 
connection. 

This crystalline compound at -1-2° C under one atmos¬ 
phere loses 1.5 molecules of ammonia. The resulting com¬ 
pound is stable up to 60° C when it lf)ses both acetylene and 
ammonia leaving a mixture consisting chiefly of amide and 
nitride with a little carbide. This begins to blacken at about 
425 ° C, evidently due to decomposition of the carbide into its 
elements. By tlie withdrawal of the ammonia from the 
original solid under high vacuum at low temperatures before 
heating, a nearly piu-e carbide may be obtained. At room 
temperatures liquid anhydrous ammonia dissolves metallic 
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magnesium to a very slight extent, forming a faint blue solu¬ 
tion which gradually decomposes into the amide and hydrogen 
in a manner analogous to the corresponding reaction of the 
alkali and alkaline earth metals. 

Mixtures of liquid ammonia and acetylene do not show 
electrical conductivity comparable with solutions of the 
alkaline carbides or acetylides from which the non-existence 
of ammonium carbide or acetylide is inferred. 

These mixtures at room temperature do not attack either 
zinc, aluminum, or copper. 

A solution of fluoren Ci3H2o in liquid ammonia readily 
reacts with magnesium at room temperature. 

Berkeley, Calif., 

October, igij 



MOLECULAR ATTRACTION. X. A REPLY TO 
CRITICLSM 


BY J. n MILLS 

The primary object of this paper is to reply to an article 
by Dr. A. P. Mathews^ containing a discussion of the author's 
views and work on molecular attraction. 

The articles which I have published- on molecular at¬ 
traction and related subjects were written as the work pro¬ 
ceeded. These papers are now being revised but the revised 
work is not suitable for publication in a journal. Therefore 
a reply here. 

Firsi. The C'orreclrwss of the Fundamental Equation, 

I. “— I'*' - constant, or \ S'd), 

- \ 1 ) 

has been brought into question. 

Here L is the heat of vaporization of i gram of the liquid, 
Ej? is the energy spent in overcoming the external pressure 
as the liquid expands to the volume of the saturated vapor. 
L — Ek is therefore the so-called internal heat of vaporiza¬ 
tion and is called X d and 1 ) are the densities of the liquid 
and saturated va])or, respectively, at the temperature of the 
vaporization. The constant given by the equation I have 
called fx\ 

A summary of the evidence is given in the papers cited, 
particularly Jour. Phys. Chem., i3» 512 (1909) and Idiil. 


' Jour riiys Chem , 17, 5-20 

-Ibid. 6, 2(H) (i(;()2), 8, 59,^ (iq(H). 9» lO, 1 (iqr)6), 

II, 132, 594 (1907), 13, ^12 (1909), 15, 417 (191O, Join Am Chem Soc. 
31, K'jqg (1909), Phil Ocl (1910), July (1911), Oct {1912), Trans Am 

Electrochem vSoc , 14, 35 ii9t>S), Chem News, 102, 77 (1910), and related 
papers, Mills and MacRae. Jour Am Chem Soc, 32, 1162 (1910), Jour. 
Phys. Chem, 14, 797 (1910), 15, 54 U91O 
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Mag., July (1911) and Oct. (1912). Mathews,'after stating 
that the equation gives a constant except in the neighborhood 
of the critical temperature, says that I “ascribed the fall of the 
constant near the critical temperature to the inaccuracy of the 
data.” This statement is misleading. What I did was to 


prove beyond any question that the Biot formula used to calcu- 
dP 

late the ^ necessary in calculating the latent heat did not correctly 

0 / X 


represent the observed data, and that the deviations were prac¬ 
tically always in a definite direction causing the constant 
given by the equation to be too low near the critical tem¬ 
perature. This fact must be admitted by anyone who at¬ 
tempts to make the Biot formula fit the observations. It 
simply will not fit near the critical temperature. 

Now for the three substances where more direct observa- 
dP 

tions of the ^ were obtainable at the critical temperature, 


equation i showed agreement to within the limit of error of the 
measurements. Without going here into evidence formerly 
published in part, and later to be published in full, I will 
only say that there is no evidence to show, and no reason to 
suppose, that equation i is not exactly correct at the critical 
temperatiu'e for non-associated substances. There is, more¬ 
over, strongevidence to show that it is certainly correct, even 
at the critical temperature, to within 2 percent for non- 
associated substances. 


The observations of Young and his co-workers are re¬ 
markably correct and I have often expressed my admiration 
of their work. The fact that these observations permit of a 
imiversal accuracy in the constant only to within 2 percent 


Chem, 

L- 

Hd- 


1 Dr 
. Oct 

Md 


Mathews writes, “ If you have read my last paper (Jour Phys. 
» 1913) will have noticed that 1 there accept your equation, 

= constant, as probably correct clear to the critical temperature. 


You think that Biot’s formula gives incorrect results close to the critical tem¬ 


perature, and ill this I think you are right; at least I wish that you may be, 


right. Were I rewriting my paper which you answer I should change this part 


of the paper, which after all was a very subordinate point," etc. 
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is due largely, as often explained before, to an enormous 
multiplication of error in the necessary calculations. Yet 
in spite of this multiplication of error only 17 values of the 
constant out of 431 for 25 substances, diverge from the average 
value (except at 0° C and near the critical temperatme for 
explained causes) by more than 1.5 percent. 

The statement made by Mathews’ that “in ether and ethyl 
acetate there is a pretty steady fall in the constant through¬ 
out” is correct as regards ethyl acetate and wrong as regards 
ether.® I quote further from Mathews:® “The apparently 
negative value of h,, is found closer to the critical temperature 
in the esters which are known to associate slightly.” I also 
believe that there is slight association in the esters and that 
the constant of equation i for them should decrease slightly 
with the temperature. But after allowing for the known 
sources of error and considering the esters as a whole such de¬ 
crease must be slight, probably not more than 2 percent, and 
therefore within, or so nearly within, the error of the ob¬ 
servations as used, as to render a certain statement impossible 
at this time. The best evidence upon this point comes from 
a comparison of equation i with Dieterici’s equation at the 
critical temperature, 

2. \ CRT In‘ly 

For the esters there is a divergence shown on comparison 
of the two equations at the critical temperature ranging from 
2.2 percent with methyl formate, to 4.5 percent with propyl 
acetate. Probably at least half of this divergence is due to 
Dieterici’s equation which is also affected by molecular as¬ 
sociation, and some of it seems certainly due to another known 
source of error. 

Second. Van dcr Viaa/i’ Equation.—Much, of Mathews’ arti¬ 
cle consists in a more or less direct judgment of the funda¬ 
mental equation i and derived conclusions from the stand- 

1 Loc oil., p. 524. 

2 Jour. PhyvS. Chem., 13, 518 (1909). 

■* IvOC. cit., p 526. 
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point of van der Waals’ equation and views. Van der Waals’ 
equation is not correct, and it is not only not correct, but it 
is nowhere near correct when viewed as a whole. Dicterici 
expresses exactly my own attitude toward van der Waals’ 
equation when he says,* “Nach der Nobelpreisrede- von van 
der Waals ist est nicht mehr notig, auf die schwachen Punkte 
in vStudium dieser Zustandsgleichung aufraerksam zu machen; 
\’iel naher liegt es, die Frage, die van der Waals selbst auf- 
wirft, ‘gibt es einen besseren Weg?’ zu verfolgen.” Mathews 
himself confesses to the situation when he says, on page 530, 

“As a matter of fact L— E,.;, {J — * )(from van der 

Waals’equation, J. E. M.) does not equal a constant, hence our 
assumption must be wrong. But if the assumption is wrong 

then the fact that L — Ek / ( \ x/, — ^ . J happens to equal a 

\V I V j- ' 

constant cannot be adduced as evidence that molecules attract 
inversely as the square of the distance.” (Italics mine, J. E. 
M.) I will not, therefore, follow Mathews’ discussion in detail. 
My own equation and views could not be correct if they agreed 
with van der Waals’ equation in its usual form, and I i)ointed 
out, at the end of my first paper in 1902, “that the law of at¬ 
traction assumed does not lead to the equation of van der 
Waals’.” When any one has succeeded in modifying van der 
Waals’ equation so as to make it correctly represent the facts, 
then perhaps my equation and views will not be found irrecon¬ 
cilable. 

Third. The fundamental equation not empirical. —Mathews, 
in several places, refers to equation i as an “empirical relation¬ 
ship.” A little history will perhaps be pardoned as it will 
serve to bring out several facts clearly. 

The fundamental equation, _= con.stant, was not 

derived as an empirical equation in the usual sense of that 

^ Drude/s Alin , 35, 220 (1911) 

2 Van der Waals. “Die Zustandsgleichung/’ Leipzig Akadem. Verlagsgcs. 

(1911). 
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term. When an undergraduate in college on working out a 
problem in calculus involving the velocity, and hence the 
energy, of a cannon ball shot upwards from the earth, the idea 
occurred to me that possibly the much desired law of molec¬ 
ular attraction could be found by a similar process. I asked 
two of my instructors at that time, without stating the reason 
for the question, if there “was any reason for supposing the 
energy po sc of the molecules of a liquid and its vapor to be 
the same, or any method for arriving at the energy per se 
of the molecules of the liquid?” Of course the information 
desired was unknown. But this first step will surely make 
clear the fact that I could never later have overlooked the 
fundamental importance of the question as to the relative 
energy of the liquid and vapor molecules in obtaining the law 
of attraction. (See later.) It was perhaps five years after¬ 
wards when I obtained some idea as to the correct answer to 
the question above stated and only then did I even attempt 
the next step. Meanwhile, I was interested in the cause of 
gravitational and chemical attraction, and it is interesting 
to myself at least, that during that time I recorded in an old 
note book on the subject a suspicion as to the correctness of 
the numoator jacto) of Newton’s law of gravitation. 

The next step in the discovery of this “empirical equa¬ 
tion” came when I recognized the fact that Watterson’s equa¬ 
tion, 

(T/, Kk ^ lu To 

cr j Uk ■ 

could be combined with tlic equations derived also from the 
kinetic theory and facts of gases 

4. ' 

5. li, - R. 

for a difference in temperature of one degree, and written, 

•V= K ! K, -I _R H. 

^ «/2R ^ Et ~ VVR f H/ 


6 . 


E. 


R 


^ or from 
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In these equations <rp and cr, are the specific heat at constant 
pressure and constant volume of a gas. Ek is the kinetic 
energy of the molecules, Ei is the internal energy of the mole¬ 
cules (best defined from the equation = Ek + Ei) and Eb 
is the energy spent in overcoming the external pressure of 
the gas during expansion. 

In words equation 7 means that for a perfect gas the 
internal energy of the gas is proportional to the kinetic energy 
of the gas. 

Now I believe, and there is reason for the belief, that in 
the molecules of a liquid similarly, the internal energy Ei was 
proportional to the kinetic translational energy Er- 

The third step came practically at the same time when 
I recognized that the fact that cane sugar molecules dissolved 
in water caused an osmotic pressure similar to a gas pressure, 
indicated that the cane sugar molecules were behaving like 
gaseous molecules in part at least. This indicated a transla¬ 
tional energy similar to the gas translational energy. The 
water molecules must have the same translational energy as 
the dissolved cane sugar molecules, a conclusion already drawn 
by Ostwald. The internal energy of the water molecules was, 
from equation 7, probably proportional to their translational 
energy. In short, it seemed that the molecular energy per se 
of molecules of a liquid and its vapor at the same tempera¬ 
ture must be the same. 

The same night that I reached this conclusion—the answer 
to my old question—I attacked the problem of molecular at¬ 
traction, paralleling the cannon ball problem, and reached 
the fundamental equation essentially as stated in equation i, 
without one particle of experimental evidence. The first 
experimental evidence in its favor was obtained that same 
night. 

In obtaining the equation I assumed that the molecular 
attraction varied inversely as the square of the distance apart 
of the molecules. This seemed to me the most probable as¬ 
sumption for several reasons—^primarily perhaps because the 
other attractive forces whose laws were known, magnetic. 
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electrical, and gravitational, varied in that way, and I sus¬ 
pected a close relationship among these forces. But also be¬ 
cause any emanation or disturbance proceeding from a center 
seemed to me necessarily to be compelled to have an inverse 
square law of distance as one of its factors. Because I did not 
know the other factors, or the influence of temperature, I 
did not feel at all certain that the deduced equation would 
prove true, and intended to try other laws of force and modi¬ 
fications if the equation failed. The equation proved true. 
Moreover it is the only equation concerning molecular attrac¬ 
tion that ever has proved true. It is rather important, there¬ 
fore, to look carefully into the reasoning by which it was 
deduced before rejecting that reasoning. 

Fourth. The role of mass in molecular attraction .—A lit¬ 
tle more history will help to throw light upon the equation. 
When sufficient experimental proof had accumulated to con¬ 
vince me that the equation was true, I set eagerly to work to 
extend the results in three directions. First,’ I investigated 
the attraction itself, rather expecting the molecular attrac¬ 
tion to behave as does the gravitational attraction as regards 
mass, ha\’ing temporarily overlooked my suspicion above re¬ 
ferred to of the gravitational law. I readily found on trying 
to compare the attractions of, let us say, oxygen molecules 
with carbon dioxide molecules (I have forgotten the gases 
actually used, I compared several I think) that these attrac¬ 
tions did not vary as the masses of the molecules. Somewhat 
surprised, 1 contented myself with the statement made at 
the end of the first paper, "The molecular attraction appears 
to resemble the attraction of gravitation in that it varies inversely 
as the square of the distance apart of the attracting molecules 
and docs not vary with the temperature. It differs from the at¬ 
traction of gravity in being determined primarily by the con¬ 
struction of the molecule and not by its mass.” 

I never myself forgot that statement, nor intended to 


’ The other investigations dealt with specific heats and the e(iiiati(>n of 


state. 
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change it. Some subsequent rather carelessly worded state¬ 
ments of mine mislead others. Thus it will be seen that the 
first idea that I obtained as to the true relation of mass in 
molecular attraction had nothing whatever to do with the 
correctness of the equation. Mathews says' “That Mills’ 

expression, n' — yV,)' represent the work done 


in overcoming molecular cohesion may be shown, also, 
if the attempt is made to deduce the formula on this basis, 
assuming the attraction to vary inversely as the square of 
the distance. A value is obtained for ii' widely different 
from that found. Mills realized this difficulty and tried to 
avoid it by assuming that the law that matter attracted 
itself as the product of the masses was incorrect.” This 
statement hardly expresses the situation correctly and the 
facts cannot be disposed of so briefly. 

In the sixth paper^ I corrected an error made in the der¬ 
ivation of the fundamental equation from the assumed law 
of attraction, 

J 2 ' 


obtaining as the complete expression, 

M(L_—E .0 MVC 
9- •’V7-”’Vd ■ ‘ 




where n is the number of molecules in a gram, m is the molec¬ 
ular weight, nm = M, and C was a constant only when the 
number of molecules was constant. For a constant ma.ss the 
equation reduces to the form previously given in this paper. 


I. 


L-Eb 
=*Vrf —'Wd 


= constant. 


Now one has a perfect right to start with a constant mass and to 
continue the investigation with a constant mass. By so doing 
one will obtain for u' exactly the values given as proof of 
equation i. The statement of Mathews that by using the 


‘ Loc. cit.. p. 530. 

* Jour. Phys. Chem , ii, 132 (1907). 
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gravitational law of force, equation 8, '‘a value is obtained 
for n' widely different from that found” is therefore mislead¬ 
ing. The gravitational law of attraction produces equation 
I by the strictest mathematics if we deal always with the same 
mass originally used on starting the investigation. To make 
this point doubly sure I used' Helmholtz’s equation for the 
heat given out by the contraction of the sun under gravita¬ 
tional attraction and showed that this equation, obtained 
by a totally different mathematical treatment, also reduced 
to the form of equation i for a constant mass. But, vary the 
mass and the equation shows that the heat given out should vary 
as the j/j power of the mass. Now we know as a matter of 
fact that the heat of vaporization of 2 grams of liquid is just 
twice the heat of vaporization of one gram of liquid and not 
2’ times as much. 

In other ivords, the important fact is that the gravitational 
law of attraction applied to molecular attraction gives a true 
equation if we keep the mass investigated constant, which we 
have a perfect right to do; and gives a false equation if we allow the 
mass under investigation to vary, which we have an equal right 
to do. I would write these words in capitals if that would 
serv^e better to focus attention upon the fact they set forth. 

It seems so clear to me, without mathematics, that, if a 
variation in the mass of liquid taken causes the difference 
above mentioned, the trouble is due to the numerator 
factor of the above .assumed gravitational law of force (the 
only part concerned with mass), and not to the denominator 
of the law (which is concerned with distance apart only), 
that I crinnot realize where the doubt expressed by others 
can creep in. Mathematically, it is easy to show that an as¬ 
sumed law of molecular force, 

II m 

10. J = ^.2 » 

will give an equation, 

11. MX = 

equally true for a constant or for a variable mass. 


Jotir. Phy.s Cheni., ii, 14? (iw)- 
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My assumption that matter (molecules) did not attract 
as the product of their masses was made for the compelling 
reasons set forth above, and not as alleged by Mathews to 
account for variations in n'. I now realize that this conclu¬ 
sion was foreshadowed by the investigation so briefly reported 
in the first paper as indicating that “molecular attraction is 
determined primarily by the construction of the molecule 
and not by its mass,” and that it receives ftirther support 
from many facts dimly recognized even before the fundamental 
equation was discovered. 

Fifth. Is the internal heat of vaporization spent solely in 
overcoming molecular attractive forces? —A rough copy of my 
first paper contained a good deal about specific heats. Be¬ 
fore publishing it I discovered that my ideas regarding the 
specific heats were not in accord with the facts. I therefore 
eliminated from the paper all discussion of specific heat and 
contented myself with the statement made at the end of 
that paper, “The argument pursued might lead one to sus¬ 
pect that the entire increase of the specific heat of a liquid 
over that of a gas at constant volume must be spent in in¬ 
creasing the distance apart of the molecules. Investigation 
shows that this is not always, if it is ever the case, and herein 
possibly .lies the true cause of the discrepancies from the 
theory.” The true cause of the discrepancies referred to 
were later in all cases discovered and had nothing to do with 
the specific heat problem. A reviewer of the first paper criti¬ 
cised it for not pointing out certain simple specific heat rela¬ 
tions which should follow. The truth is that the simple 
specific heat relations that I had expected did not follow. I 
did not know, at the time of publication of the first paper, 
that specific heat relations could be shown to contradict the 
belief that the energy of the molecules of a liquid and its 
vapor were the same, but I discovered the fact later and in 
the sixth paper (1907) stated,’ “As regards now the first step— 
the equality of the energy per se of a molecule of a liquid a,nd 


Loc. cit., p. 156. 
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of a molecule of its vapor—we have already stated in outline 
the facts which lead us to that belief. This first step is the 
most fundamental and important step in our work and is the 
most open to doubt. The fact that using this belief as a 
basis we derived an equation that appears to be true, is per¬ 
haps again the best evidence that the belief expresses, at least 
partly, the truth. But only in part, for in attempting to de¬ 
rive a direct method for testing this belief we find that it 
will require some modification. An account of this work could 
not be introduced within the limits of this paper and we hope 
shortly to publish this investigation in a separate article. 
Recognizing the doubt, we would state that any errors intro¬ 
duced by our statement have undoubtedly canceled, since one 
is certainly able to calculate the energy given out by the con¬ 
traction of a vapor into a liquid from the same formula used 
to calculate the energy given out by the contraction of the 
sun.” Surely this statement is evidence sufficient to show 
that after I recognized the fact that the energy per se of the 
molecules of a liquid and its vapor were not the same, the fact 
was not concealed. And 1 will repeat again that Mathews is 
exactly right in his belief that the energy per se of the molecules 
of liquid and vapor arc not the same. I reached this conclu¬ 
sion by the simple process of adding up all of the energy added 
to a substance from the absolute zero to its condition as liquid. 
That is, I summed up the specific heat energy added and the 
latent heat of fusion. Then, allowing for the energy neces¬ 
sary to produce the slight expansion of the solid and liquid 
(this can be done either from my own theory or thermody¬ 
namically), I compared the remainder with the energy which 
the substance wovlld have as a perfect gas at the given tem¬ 
perature. The result shows that the molecules of the liquid 
have per se far more energy than the molecules of the gas are 
pop ular ly supposed to possess. So very much more that it 
was fruitless to consider the difference as by any possibility 
due to the experimental uncertainties which are usually 
large. By this time (probably 1906) I had accumulated so 
much evidence as to the truth of the fundamental equation 
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that I myself placed absolute confidence in its correctness. 
Moreover, the argument quoted above, involving the osmotic 
pressure of cane sugar molecules, was even stronger than be¬ 
fore, the excellent work of Morse and his co-workers having 
begun to appear. I contented myself therefore with the para¬ 
graph already quoted from the sixth paper and set about a 
study of the situation. 

An enormous amount of data on specific heats was col¬ 
lected, sifted, and studied. I thought at first that the trouble 
might lie with our ideas of temperature (which do require 
clarification). Then since the facts apparently indicated that 
always when particles were closer together they, in some way, 
retained or possessed more energy, I considered the possi¬ 
bility of a change of inertia (mass). This supposition is not 
so ea.sy to reject in view of the facts as one might suppose. 
I was aware of T. W. Richards’ work upon the compressibility 
of the molecules, and the possibility that molecular expansion 
would require energy. For several years nothing was pub¬ 
lished on the subject because I could not even satisfy myself. 
Finally light began to dawn upon the situation and I recog¬ 
nized that the gravitational law of attraction necessitated that 
whenever two bodies came together from an infinite distance and 
formed a, stable system of moving bodies that these bodies retain 
exactly as much energy as they gave out. The law of gravita¬ 
tion necessitates the retention oj energy in a stable system of 
moving particles just as much as it necessitates the giving out 
of energy when the stable system is formed. 

When I did recognize the above fact I found it very much 
more difficult than one would suppose (since the problem of 
two bodies under gravitational attraction had been com¬ 
pletely solved) to give the exact mathematical proof of the 
statement finally made,' “ The energy given out by any two bodies 
originally at rest at an infinite distance apart in forming any 
stable configuration (circular, elliptical, or limited linear orbit) 
under the action of gravitational attraction is equal to the kinetic 

' Phil. Mag., July, 1911, p 105. This paper also contains the proof of 
the statement. 
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energy which they retain, and is, for either body, inversely pro¬ 
portional to its mean distance from their common center of mass.'' 

In the paper referred to, I was unable to extend this con¬ 
clusion to n particles as a mathematical proposition. During 
the last summer I have extended the proof to n particles and 
shown that this proof holds for the molecular law of attrac¬ 
tion. This work has not yet been published. 

Mathews has this to say* regarding this phase of my 
work, “While Mills states, in a recent paper, that not all the 
internal heat may be used in doing this work, and attempts 
to show that this is not incompatible with this conclusion, 
the conclusion nevertheless depends on the assumption that 
it is so used and that there is no change in the internal energy 
of the molecules on passing from the liquid to the vapor. 
It is clear that if this premise be not true, then the conclusion 
does not follow.” “This ])remise I believe to be certainly 
erroneous.” 

The premise certainly is erroneous as I pointed out six 
years ago in the quotation given above. It is in fact a contra- 
diction of the law of attraction assumed. The law of attrac¬ 
tion assumed compels the freely moving molecules of the liquid 
to retain a given amount of orbital energy absolutely as much 
as it compels energy to be given out on the approach of the 
molecules. AVhen the freedom of motion of the liquid mole¬ 
cules is checked, then some of this orbital energy which they 
retain is given out as latent heat of fusion. Some more of it 
is probably given out as the temperature is lowered. I doubt 
if all of it ever is surrendered even at the absolute zero. (See 
later.) 

The moon is obliged to retain a given amount of energy 
as orbital energy if it is to continue in its orbit about the earth. 
It retains as a matter of fact exactly as much energy as it gave 
out when assuming that orbital position. How it happens that 
“all of us” scientists have considered the particles of a liquid 
to be freely moving under an attractive force and have failed 

* Loc. cit , p 5^4 
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to consider the obvious fact that they must retain orbital 
energy is hard to see. 

Of course, since this retained orbital energy is due to the 
attractive forces, I was, throughout all of my previous papers, 
really dealing with ‘ one-half of the result of the attractive 
force instead of with the total result as I had supposed. 

Sixth. The volume actually occupied by the molecules and 
the change of this volume with temperature and pressure. 

In the article cited on Chemical Energy* I have given the 
data to prove the statement that “ The i6 grams of oxygen 
and the 2.016 grams of hydrogen together at — 273° C occupy 
34.78 cubic centimeters, and when occupying this volume at that 
temperature they contain 67,300 calories more of energy than 
do the 18.016 grams of ice which they form if united, and 
which occupies a volume of ig.21 cc. 

No supposition and no uncertainty whatever is involved 
in this statement except the slight uncertainty of the meas¬ 
urements. More accurate measurements are now available 
but the result is not materially changed. 

There is a good deal of food for thought in the above facts. 
In the first place we have no evidence whatever as to the energy 
retained by the molecules of the water at 0° absolute. Pat¬ 
terson^ estimates the potential energy of charge on 16 grams 
of oxygen and 2.016 grams of hydrogen at 640,000 calories 
and Arrhenius* at 636,100 calories, both on the basis of the 
electron theory. At any rate, we can content ourselves with 
the statement that the energy retained by the molecules of 
water at 0° absolute may be very large. We do know posi¬ 
tively that the oxygen and hydrogen at that temperature 
possessed 67,300 calories more of energy than does the 18.016 
grams of water which they form if united. Now in what form 
is that energy? It has been pointed out long ago, by Clausius 
I think, that under Newtonian mechanics, energy cannot be 
retained in a system wholly as kinetic or wholly as potential 


1 Trans. Am. Klectrochem. Soc., 14, 35 (1908). 
* Chem News, 102, 77 (1910). 
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energy, but must exist partly as kinetic energy and partly 
as potential energy. This being true, one is compelled to con¬ 
clude that the oxygen and hydrogen molecules (or parts of 
molecules) must be in motion with terrific speed even at the 
absolute zero. I, at least, have never been able to escape this 
conclusion, and I think the atoms of hydrogen and oxygen in 
water, and the atoms of other compounds travel at great 
speed. We get some evidence of this sort of activity in radium 
and radioactive compounds. 

If when we talk about the “real” volume occupied by 
molecules we mean the volume taken up because of these 
motions, I have no objection to the phrase, and if, when we 
speak of the compressibility of the atoms and molecules, we 
have in mind the compression of these rapidly moving parts 
closer together, I again have no objection to the idea. I do 
object to all ideas which leave out of consideration the atomic 
and interatomic motion. My position as to the necessity 
of considering such molecular volumes, or molecular changes 
in volume, in studying molecular attraction can now be 
understood. 

The energy relations of the heavenly bodies have nothing 
to do with the volume occupied by the heavenly bodies but 
are determined by their attractions. Now in my work upon 
molecular attraction I have been considering energy relations, 
and these energy relations are similarly determined by attrac¬ 
tive forces which have nothing to do with volumes as above 
defined. The influence of volume is brought into play only 
when freedom of motion is destroyed. 

The internal energy of atoms changes with the tempera¬ 
ture. But in nearly all of my published work I have been 
dealing solely with the energy of vaporization and here the 
temperature is precisely the same before as after the expansion. 

It will again be argued that the change of internal energy 
with temperature must alter the molecular attraction. I 
think this is true. But the alteration for the chemically 
stable substances studied throughout the range of tempera¬ 
ture studied is very small. Suppose 18.016 grams of water 



ii6 J- E. Mills 

really represents some 640,000 calories of energy as hinted. 
The addition of a few hundred calories of energy within the 
atoms as the temperature is raised does indeed alter the 
molecular attraction somewhat but not greatly. It would 
alter the attraction greatly if the temperature range were 
continued to 1800° C. Perhaps by some such study one 
might finally prove that molecular attraction was only the 
“left over” chemical attraction. Mathews’ remarks, as to 
the influence upon molecular attraction of valence and number 
of atoms, are interesting in this connection. 

Mathews thinks that changes of pressure would also 
cause changes in molecular volume. Perhaps so, but it must 
be remembered that there is no change in external pressure 
during vaporization. The changes in internal pressure, caused 
by the attractive forces, are precisely what the calculation 
of the attraction takes into account, if you choose to look at 
it in that way. 

After all, Mr. Mathews’ views are closely akin to my 
own. He thinks magnetism and molecular attraction closely 
related and magnetic attraction is popularly suppo.sed to fol¬ 
low an inverse square law. Also he quotes somewhat ap¬ 
provingly the idea that molecular cohesion is delimited by 
the surrounding molecules. But this idea is practically noth¬ 
ing more than putting into words the numerator factor of the 
proposed molecular law. 

Summary 

(1) It is shown that the decrease shown by the constant 

of the equation, — constant, near the critical temper¬ 

ature was not attributed to errors in the observations used, 
but to the fact that the Biot formula used did not, and could 
not be made to represent the observations correctly. 

(2) Emphasis is laid on the fact that my equation and 
views could not agree with the equation of van der Waals if 
mine were correct, since van der Waals’ equation, in its present 
form, is known not to represent the facts accurately. 

(3) Attention is called to the fact that the above equa- 
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tion is not an “empirical equation” but was derived theo¬ 
retically by an argument still worthy of careful consideration. 
Afterwards the equation was proved from the experimental 
data. 

(4) It is shown that the idea that the molecules did not 
attract as the product of the masses was introduced because 
of the important fact that “the gravitational law of attrac¬ 
tion applied to molecular attraction gives a true equation if 
we keep the mass investigated constant, which we have a 
perfect right to do; and gives a false equation if we allow the 
mass under investigation to vary, which we have an equal 
right to do.” 

(5) It is pointed out that both the law of gravitation 
and the law of molecular attraction given, necessitate the re¬ 
tention of energy in a stable system of moving particles just 
as much as they necessitate the giving out of energy when the 
stable system is formed. 

(6) Reasons are given for believing that it is not neces¬ 
sary to consider molecular volumes or changes in molecular 
volumes, in the interpretation of the fundamental equation, 

L Ek . , 

, ;l = constant. 

■*V 4 --*vD 
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THE THEORY OF DYEING. II 


BY WIlvDER D. BANCROFT 

In order to get the maximum adsorption of a basic dye 
we should have present an ion of the opposite charge which is 
readily adsorbed. We therefore deduce the following con¬ 
clusions in regard to a basic dye. 

1. The dye is taken up most readily in an alkaline solution 
but may be taken up in a neutral or acid solution. 

2. A readily adsorbed anion increases the amount of dye 
taken up. 

3. A readily adsorbed cation decreases the amount of 
dye taken up. 

These generalizations can easily be confirmed by means 
of Pelet-Jolivet’s experiments with methylene blue. The 
effect of acidity and alkalinity are given in Tables I and II.^ 


Tabue I —Volume of solution, 200 cc; 3 grams wool; A = neutral 
bath; B = bath containing 2 cc N/ ro HCl 



Methylene blue adsorbed 

Concentration 

i 


methylene blue 


B 

Percent 

A 


mg 

mg 

0.05 

98 

81 9 

0.1 

; 132 

102.5 

0.2 

; 145 

109. 1 

0.3 

i H 3 

114.0 

0.35 

j 159 

118.7 

0.4 

1 160 

119,0 

Table II —Volume of solution, 200 cc; 2 

grams wool; C = bath 

containing 2 cc N/10 NaOH; D == bath containing 3 cc N/io NaOH 

Concentration 

Methylene blue adsorbed 

methylene blue 


D 

Percent 

C 

____ 

mg 

mg 

0.1 

110 

146 

0.2 

127 

151 

0.3 

; 134 

152 

0.4 

1 142 

156 

^ Pelet-Jolivet: 

"Die Theorie des Farbeprozesses," 117 (1910). 
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These tables show that less dye is taken up in the acid solu¬ 
tion than in the neutral one and that somewhat more dye is 
taken up in the more alkaline than in the less alkaline solution. 
It is a pity that the two tables were not comparable so that 
we had a continuous series from the acid to the alkaline 
solution. The change from 3 to 2 grams of wool was made 
because “in presence of alkali, it was necessary to cut down 
the amount of wool in order to keep the dye from being com¬ 
pletely adsorbed.” This is a good and sufficient reason for 
not using 3 grams of wool in the alkaline solution but there is 
no apparent reason why 2 grams of wool could not have been 
used in the experiments with the neutral and the acid baths. 
Pelet-J olivet tries to get round this difficulty by reducing 
everything to milligrams of dye per gram of wool, which gives 
him Table III.’ This table shows exactly what I wish to 

Table III—V'olume of solution, 200 cc, A = neutral bath; B = 
bath containing 2 cc A', 10 HCl; C = bath containing 2 cc A'/10 
NaOH 


Concentration 
methylene blue 

Methylene blue adsorbed, 

mg per g wool 

Percent 

B 

A 

C 

0 0$ 

27 3 

33 

49 

0 I 

34 

44 

55 

0.2 

3^ 7 

48 

^>3 5 

0.3 

38 

48 

66 9 

0 35 

39 5 

53 

- 

0.4 

39 

53 I 

71 


bring out; but unfortunately the figures have no significance. 
If one plots concentration in solution against concentration 
in wool, one can change the units to suit oneself provided 
that the change be mentioned. If one is plotting initial 
concentrations against final concentrations in wool, it is not 
permissible to change the units. In Table III it is not true 
that I gram of wool will take up 44 mg of methylene blue 
from 200 cc of a one-tenth percent solution. It would really 


^ Pelet-Jolivet: “Die Theorie des Farbeprozesses,” n8 (1910). 
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take up more. The 44 mg is one-third what 3 grams of wool 
would take up, which is quite a different thing. Pelet- 
Jolivet’s otherwise admirable work is not so effective as it 
should be, owing to his frequent failure to make comparable 
measurements. 

Fortunately, there are other data which can be used. In 
one set of experiments Pelet-Jolivet* took 100 cc of 0.8 percent 
methylene blue solution. This was diluted to 200 cc and 3 
grams of wool left in the flask for four days at 17°. When 
diluted with 90 cc water -f- 10 cc N/10 HCl, the wool adsorbed 
22 mg methylene blue. When diluted with 100 cc water, 
156 mg methylene blue were adsorbed. When diluted with 
92 cc water -f 8 cc N/io NaOH there were 249 mg methylene 
blue adsorbed. Similar results were obtained with silk and 
cotton. Table IV. 


Table IV—A = 0.3 gram silk in 50 cc 0.2 percent methylene 
blue; B = 3 grams cotton in loo cc 0.1 percent methylene blue 


Methylene blue adsorbed, nig 


Fibre 

2 cc 

Neutral 

, 2 cc 


.V/10 HCl 

solution 

iV/io K(;H 

Silk (A) 

I 3 

10.8 

40 6 

Cotton -(B) 

I 2 

II 2 

30.0 


The effect of a readily adsorbed anion is shownin Table 
V. For the same concentration of acid, more dye is taken up 

Table V—Volume of solution, 200 cc; 3 grams wool; 0.8 
percent methylene blue 


Acid added 


Methylene blue adsorbed, nig 

cc 

iV/10 HCl 

N/ TO H2SO4 

N/io H3PO4 

0 

156 

156 

1 

ro 

22 

37 

1 79 

20 

20 

27 

1 32 

30 

17 

' 156 

1 — 


^ “Die Theorie des Farbeprozesses,” 95 ( 1910 ). 

® Pelet-JoHvet • “Die Theorie des Karbeprozesses,” 95 ( 1910 ). 
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in a phosphate solution than in a sulphate solution while still 
less is adsorbed from a hydrochloric acid solution and we 
should expect the phosphate radical to be adsorbed the most 
and the chloride radical the least. This comparison is not 
strictly accurate because equivalent concentrations of two 
acids do not necessarily mean equal degrees of acidity. On 
the other hand, the amount of hydrogen as ion in 20 cc N/io 
H2SO4 is unquestionably greater than in 10 cc N/io HCl 
after both have been diluted to 200 cc, and, yet, more methyl¬ 
ene blue is taken up in this sulphuric acid solution than in the 
hydrochloric acid solution. The difficulty in regard to the 
acidity can be got round by adding salts. Some data' are 
given in Table VI. At every concentration of dye more dye 

Tahijj VI—Volume of solution, 100 cc; 1 gram wool 


Methylene blue 


Methylene blue adsorbed, mg 

Percent 

No .salt 

006 Na 2 S 04 

0 06 Na2HP04 

0 1 

35 

4 .S 6 

81.1 

0.2 

4 (j 

52 2 

91-3 

0 3 

43 

5 f> 4 

956 

0.4 

44 

59 4 

98.6 

is fixed in the bath containing sulphate than in 

the bath con- 


taining no added salt, and there is still more dye adsorbed 
in the phosphate solution. We thus have Na2HP()4> 
Na2S04>NaCl>H>0. Ju.st as should be the case, sodium 
sulphate increases the amount of a basic dye taken up, whereas 
it decreases the amount of an acid dye adsorbed. With 0.5 
gram silk in 50 cc 0.2 percent methylene blue solution, the 
amounts of methylene blue taken up were 28.6, 18.4, 13.3 and 
10.8 mg when sodium phosphate, sodium sulphate, sodium 
chloride, and nothing were added, respectively, to the solu¬ 
tion.* With cotton there was no difference under the same 
circumstances: but there is a marked difference when the cotton 


Pelet-Jolivet: “Die Thcorie des Farbeprozesses,” 118 (1910). 
Ibid , 98 (1910), 
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has been treated with tannin. The effect of different cations 
was also studied by Pelet-Jolivet who found that silk took up 
13.3 mg methylene blue from a solution containing sodium 
chloride and only 6.3 mg from a solution containing barium 
chloride. With wool the depth of the color decreases in the 
following order: sodium phosphate, sodium sulphate, no 
addition, barium chloride, and platinum tetrachloride. Cot¬ 
ton takes up less methylene blue from a solution containing 
bariiun chloride than from one containing sodium chloride. 

Pelet-Jolivet^ sums up his experiments as follows: “From 
these experiments it is clear that the negative ions 804" and 
PO4'" have increased the dyeing power of methylene blue 
(a basic dye) while the positive ions Ba ' ' and Pt ‘ ‘ ' have 

decreased it. The ions of the electrolyte act on dyeing as 
they do on the precipitation of colloids, since they follow the 
valence rule (Schulze’s law) .... 

“The results may be summed up in the following rules: 

Action of Acids and Bases 

“Acids {hydrogen ions) decrease the dyeing by the basic dyes 
and increase that by acid dyes. This action is proportional 
to the concentration of the hydrogen ions. Bases {hydroxyl 
ions) have fust the opposite action. 

Action of Salts 

“Ions having the opposite charge from that of the dye facilitate 
dyeing; ions with the same charge check it. Multivalent ions 
have a stronger effect than univalent ones. 

“The first question that occurs to one is whether these 
rules hold in all cases. So far as the present investigations 
go, they do hold for acid and basic dyes, and we have made 
some experiments to test this. Of course it is necessary to 
keep in mind the physical and chemical actions which the 
electrolytes may have on special dyes because such factors 
are apt to interfere with the contact electrification. As an 
instance of this we may take potassium ferrocyanide (yellow 

* "Die Theorie des Farbeprozesses," 97, 99 (1910). 
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prussiate of potash, K4Fe(CN)6). The quadrivalent ferro- 
cyanogen anion ought theoretically to increase the dyeing by 
basic dyes very much. If one adds this substance to the dye- 
bath the dye is precipitated completely and consequently has 
no dyeing action. If, however, the fibers are mordanted be¬ 
forehand with potassium ferrocyanide, the dyeing is stronger 
than with the other samples. 

“Another case is that of fuchsine in presence of caustic 
soda. If wool is dyed in a hot bath, Vignon noticed that the 
fibers are scarcely colored so strongly as in the neutral and 
in the acid bath. This is due to the conversion of the fuchsine 
into a colorless base. If the wool is dyed in a cold bath under 
suitable conditions, the wool is dyed a deeper color in the 
presence of caustic soda than in the neutral or acid bath.” 

When discussing the general question of adsorption of a 
salt,' it was pointed out that a solution will become acid in 
presence of a substance which adsorbs the basic radical more 
readily than the acid radical. Silk has such a selective ad¬ 
sorption for rosaniline (magenta) that it will not only de¬ 
compose the salt, leaving the acid behind, but it will convert 
the carbinol base back into the color base in presence of an 
excess of ammonia.- Another, though less striking experi¬ 
ment with silk and rosaniline has been carried out by Mills.* 
“At the heat of boiling water a solution of rosaniline hydro¬ 
chloride or acetate undergoes more or less complete dissocia¬ 
tion, attended, of course, by loss of color. Thus, for example, 
if a solution of either of those salts, containing 0.0000003 
gram in i cc [three-tenths of a milligram per liter] be boiled 
for half an hour, complete decoloration ensues. But a piece 
of purified silk, immersed in the liquid, is almost immediately 
dyed red. We thus have the remarkable phenomenon, ad¬ 
mirably suited to illustrate dissociation for a lecture, of silk 
being dyed red with a colorless solution of magenta.” 

One theoretical difficulty in regard to dyeing with basic 

* Bancroft: Jour. Phys. Chem., 18, 5 (1914). 

* Jacquemin: Comptes rendus, 8a, 261 (1876). 

* Jour. Chem. Soc., 35, 27 (1879). 
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colors is that, in many cases, the free color base is instable 
and that addition of alkali to a solution of rosaniline hydro¬ 
chloride, for instance, gives rise to a colorless carbinol form. 
Since silk is dyed red from an ammoniacal solution of rosaniline, 
it has seemed to people that it must necessarily be present in 
the fiber as a salt. If the acid radical does not come from the 
solution, it must come from the silk and then we are back at 
the chemical theory of dyeing again. So important does this 
matter seem to the organic chemists that a prominent chemist 
once said to me that he would gladly accept my views on dyeing 
if it were not for the difficulty in regard to the basic dyes. 
It will therefore be desirable to discuss this point in some 
detail and I begin by quoting from a paper by Freundlich and 
Losev.* 

“Qualitative experiments with a solution of crystal 
violet or of new fuchsine, which had been decolorized by blood 
charcoal, showed conclusively that the solution was dis¬ 
tinctly acid to litmus paper and that it clouded on addition 
of silver nitrate.^ Before determining the amount of chlorine 
ion quantitatively, it seemed advisable to purify the charcoal 
again thoroughly. The coarser particles were removed by 
sedimentation and thrown away. The charcoal was then 
boiled three times with concentrated hydrochloric acid and 
washed by decantation with boiling water until no test for 
chloride could be obtained. It was washed with conductivity 
water until Nessler’s reagent gave no test for ammonia. 

“This charcoal was now added to a crystal violet solution 
of known concentration, shaken, filtered, and washed. The 
filtrate was concentrated carefully in a platinum dish and the 
amount of chloride determined. It corresponded to 0.02701 
gram hydrochloric acid while 0.4175 gram crystal violet should 
give 0.02758 gram hydrochloric acid. The charcoal was free 


' Zeit. phys. Chem., 59, 299 (1907). 

® When evaporated with a few drops of Giinzburg’s reagent for free hydro¬ 
chloric acid (more properly for hydrogen ion of a definite concentration) a red 
color developed, while this did not occur with water which had been shaken 
with pure charcoal. 
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from any ash that was soluble in acid; but it did contain a 
residue (5-8 percent) which was insoluble in acid and which 
was either silicic acid or silicate. The possible criticism, that 
the silicic acid was responsible for the separation of acid and 
base, would never be made by anybody who had seen the 
phenomenon. The adsorption of the crystal violet had 
changed the appearance of the charcoal quite uniformly and 
homogeneously in a way which will be discussed later. vSince 
the hydrochloric acid was set free practically quantitatively, 
the color base must necessarily be distributed over the surface 
of the 95 percent charcoal (5 percent ash). Nevertheless 
the same experiment was tried repeatedly though qualita¬ 
tively with a sugar charcoal (Kahlbaum) containing only 
I percent of insoluble impurity, always with the same result. 
Finally the be.st quality of gas soot was boiled three times 
with concentrated hydrochloric acid and then washed in the 
usual way until there was no test for chloride or for sulphate, 
a common impurity in soot. This purified soot gave no in- 
■soluble residue but it decolorized a cry.stal violet solution 
readily; the filtrate was acid and clouded with silver chloride 
when silver nitrate was added. The color of the dyed soot 
was the same as that of the blood charcoal. 

“From the.se experiments it follows conclu.sively that 
markedly capillary substances such as charcoal and fibers 
make the ba.sic dyes decompose into base and acid in such a 
way that the acid remain.s in the sohiiioii while the boic pre¬ 
cipitates on the surface. This raises two questions. Ts the 
base present on the surface as such or in the form of a salt? 
With what other phenomena is this peculiar decomposition 
connected ? 

“That one must always speak of adsorption follows 
clearly from the observed form of the concentration function 
and from the other relations. 

“In favor of the assumption of a salt fonnation we have 
as strongest arguments, the color of the dyed fibers and the 
previously mentioned fact that the fiber is dyed the same 
color from an alkaline solution of the dye. Something similar 
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can also be noticed with the charcoal. Charcoal, which has 
been dyed with crystal violet, is of an absolutely uniform 
gold-brown color, somewhat duller than the crystals of the dye 
itself. When new fuchsine is used, the surface of the charcoal 
is greenish.^ Charcoal has this same greenish appearance 
when it has taken up new fuchsine from an ammoniacal 
solution. The coloration can be seen very distinctly if one 
looks at the dyed charcoal in a thin-walled glass alongside of 
an undyed sample, using reflected light. The appearance 
of the same golden brown color, which solid crystal violet has, 
makes it probable that what is on the charcoal is also violet 
by transmitted hght; merely the depth and uniformity of the 
layer cause the predominance of the surface color. One can 
therefore say that with charcoal as with the fiber the color 
is what one would expect if the dye were present as salt. 

“On the other hand, the hypothetical compound of char¬ 
coal as acid and the crystal violet base does not behave at all 
as one would expect it to do. That it s formed in a few sec¬ 
onds from two substances having high molecular weights, 
is perhaps less improbable than it at first seems to be, for many 
molecular compounds of substances having high molecular 
weights are formed practically instantaneously (many picric 
acid compounds, for instance). It is very improbable, however, 
that such a compound should not be hydrolyzed by water; 
most of the picrates break down readily when washed with 
water. If one decolorizes a crystal violet solution completely 
by means of charcoal, then filters and washes the charcoal, 
the dyed charcoal is not changed in any way by water. One 
can shake a small or a large amount of the dyed charcoal 
without the water becoming colored to the slightest extent 
even after weeks, in spite of the fact that crystal violet has so 
great a coloring power th|t 0.15 mg (0.00000037 “ol) per 

' Lehmann (Zeit. phys. Chem., 14, 157 (1893)) noticed a bronzed effect 
on India ink which had adsorbed dyes. A similar coloring of colloidal gold after 
sedimentation in a fuchsine solution has been noticed for instance by Zsigmondy 
(Zur Erkenntnis der Kolloide: Jena, 1906). 
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liter can be detected in a 10 cm layer. Charcoal dyed with 
fuchsine behaves in the same way. 

“The question now arises how these experiments can be 
reconciled Avith the- previously described ones on equilibrium. 
There it was found that the same concentration was reached 
when a concentrated solution was adsorbed and then diluted 
as when the adsorption took place with the same amount of 
solution at the final dilution. Since more substance is usually 
adsorbed from a concentrated solution than from a dilute 
solution, the charcoal should lose dye when the solution is 
diluted, and yet, according to these last experiments, the dyed 
charcoal lost no dye to the water. 

“This apparent contradiction disappears when we recall 
that we were diluting an add solution in the equilibrium 
experiments, and that the adsorbed dye is extracted in an add 
solution but not in pure water. It is worth stating that 
this apparent discrepancy occurs only with the basic dyes. 
There is no decomposition with the acid dyes (patent blue, 
crystal ponceau) and the adsorbed dye is extracted somewhat 
by water. The equiUbrium experiments hold here without 
limitation.” 

This explanation is given up in a later paper' in which 
the authors say: “Subsequent experiments showed, however, 
that this explanation would not do. Very concentrated acid 
solutions are necessary in order to extract dsible amounts of 
dye from charcoal dyed in the way described; very dilute 
acid solutions, such as occur in the equilibrium experiments, 
behave like pure water.- 

“As a matter of fact there is no discrepancy at all, a fact 
which was noticed by one of us (Neumann). It is a necessary 
consequence of the existence of an adsorption equilibrimn 

> Freundlich and Nouinunn Zeit. phys. Chem., 67, 539 (1909). 

2 To a certain extent the case is different with crystal violet because 
the exponent i/n in the adsorption isotherm xjm — is so near zero that 

the adsorbed amount is practically independent of the equilibrium concentration 
and the equilibrium experiments therefore lose their significance. What has 
been said holds, however, for new fuchsine and brilliant green. 
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that a dyed charcoal, which is in equilibrium with a com¬ 
pletely decolorized solution, will give up to pure water an 
amount of color which is not sufficient to color the water. 
The equihbrium concentration with freshly added pure water 
must be somewhat less than that of the dye solution which 
had been shaken with charcoal. If the color in the latter 
solution is below the limit of visibility, this must be still 
more true for the pure water. 

“Such a misconception of the equilibrium relation, as 
occurred in the other paper, can be excused only by the fact 
that the appearances were very misleading. Charcoal, dyed 
with crystal violet or brilliant green as a result of decolorizing 
a concentrated dye solution, has the same golden luster as the 
crystals of the dye, and one involuntarily compares the two 
and is astonished that no dye dissolves from the charcoal 
whereas the crystals color water at once. One forgets that the 
dyed charcoal was in equilibrium with a decolorized solu¬ 
tion. ^ 

“It was scarcely necessary to test the accuracy of this 
point of view because the equilibrium experiments of Freund- 
hch and Losev were sufficient. Merely as an illustration the 
following experiments were made: Chareoal was dyed once 
in a brilliant green solution so that the solut on was exhausted. 
In a second experiment the amount of chareoal was so regu¬ 
lated that the solution was still moderately colored. Both 
solutions were filtered from the charcoal as completely as 
possible. When the first sample of charcoal was treated with 
water, the wash water was colorless; in the case of the second 
sample the hquid was green even when relatively large amounts 
of wash water were taken. 

• In the literature are to be found a number of experiments intended to 
test the question of an adsorption equilibrium, which were arranged so un¬ 
suitably that the solution was exhausted. When the adsorbing material was 
shaken with water and practically none of the adsorbed substance dissolved, 
people made the mistake of doubting the occurrence of an equilibrium. In sucl^ 
experiments the concentration in the solution after adsorption must be measur¬ 
able. 
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“From a proper consideration of adsorption equilibrium 
it follows that a dye can be fast without having to assume a 
special combination between fiber and dye. It is only neces¬ 
sary that the exhaustion of the dye-bath shall be so complete 
that it is not colored visibly. The concentration of the dye 
in the wash water will be smaller still and the dyed fibers will 
never bleed.” 

After this digression we can come back to the Freundlich 
and Losev^ paper. 

“If one rejects the rather improbable assumption of a 
salt-like compound between charcoal and color base, there 
is nothing else to assume but that the color base occurs in the 
charcoal surface either as such- or as a derivative of the 
same.” 

“As a matter of fact the substance adsorbed by the 
charcoal behaves quite differently from crystal violet as salt. 
While water will not dissolve an\Thing from the dyed char¬ 
coal, the dye is extracted without difficulty by other solvents. 
Methyl and ethyl alcohol become colored deep violet in con¬ 
tact with the dyed charcoal, and so do amyl alcohol (some¬ 
what redder) and pyridine. The adsorbed substance is also 
much more soluble in benzene than the crystal violet salt. 
If one shakes crystal violet with anhydrous benzene, the 
liquid does assume a bluivsh violet tinge; but this is due to 
suspended particles, for the benzene filters practically color¬ 
less through as ash-free paper filter and a strip of filter paper, 
dipped into the filtrate, dries to an extremely faint bluish 
color. If one shakes benzene with a large amount of charcoal, 
which has been dyed with crystal violet, the benzene becomes 
colored yellowLsh brown. If one dips a piece of filter paper into 


’ Zeit. phys Cliem , 59, 300 (i9t>7)* 

2 Ill a later paper (Freundlich and Neumann: Zeit. phys. Chem., 67, 
548 (1909)) this is modified to read “The substance, which is present on the 
charcoal surface after the adsorption of the dye, is in all probability a salt of the 
color cation with a strongly adsorbed, presumably organic, anion. Of course 
it is not impossible that the anion is the strongly adsorbed hydroxvl ion and 
that the color base is adsorbed, but this is not a necessary conclusion ” 
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this solution, the paper takes on a deep blue-violet color, 
and the benzene solution becomes the same color if alcohol 
be added to it. 

“Attention has already been drawn to the fact that acids 
also extract dye from the charcoal. New fuchsine behaves 
similarly to crystal violet in all the points under consideration 
though the solutions of new fuchsine have not been studied 
with so much care. 

“We are now face to face with the question as to the 
form in which the base occurs on the charcoal surface. Be¬ 
fore answering this question we must consider more c^efully 
the chemical properties of the bases of the color salts in ques¬ 
tion. Differences of opinion as to these color bases have 
persisted even up to the most recent times. The reason for 
this is to be found in the rather obscure isomeric relations. 
The color salt of crystal violet behaves exactly like the salt 
of a strong base. It is highly dissociated^ and a basic car¬ 
bonate is known. 

“One would therefore expect a highly dissociated 
hydroxide to exist, having the same color as the salt and 
soluble in water, by analogy with the strong alkalies. This 
hydroxide does not exist as a base which can be precipitated. 
If one adds caustic potash, for instance, to a solution of crystal 
violet, the solution becomes decolorized and clouded; there 
separates a white precipitate, the carbinol, which has the 
composition of the desired hydroxide but none of the required 
properties. It is only sparingly soluble in water, does not 
conduct appreciably, and is not colored. 

“By conductivity measurements on a solution containing 
crystal violet and one equivalent of NaOH, Hantzsch® showed 
that the conductance of the solution was what it would be in 
case the solution contained a mixture of dye cation -j- Na’ -|- 
OH' 4 - Cr, thereby proving the possible existence of the 
‘true’ base in aqueous solution. In course of time the con- 

* Hantzsch; Ber. chem. Ges. Berlin, 33, 278 (1900). 

»Ber. chem. Ges. Berlin, 33, 278 (1900); Miolati: Ibid., a6, 1788 (1893); 
38, 1696 (1905). 
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ductance of the solution decreased markedly, finally reaching 
the value for NaCl, while at the same time carbinol precip¬ 
itated. Therefore there takes place the reaction 

dye cation + OH' = carbinol. 

The fact that the rate of formation of the carbinol is pro¬ 
portional to the first power of the concentration of dye and of 
hydroxyl ion is additional evidence of the correctness of this 
point of view. A welcome confirmation and extension is to 
be found in the recent work of Sidgwiek and Moore.* They 
followed colorimetrically the action of alkali in converting 
brilliant green into the colorless carbinol. With this dye, which 
is closely related to cr^^stal violet, they found the same re¬ 
lation in regard to concentration of the dye and of hydroxyl 
ion w’hich Hantzsch had found; and the constants also had the 
same value as those determined electrically. Hantzsch was 
therefore correct in ascribing this group of reactions to those 
phenomena of isomerism which he calls the isomerism of the 
pseudo-acids and pseudo-bases. He considers the 'true' 
base as ammonium base while the carbinol is the pseudo-base. 

"Baeyer- considers an isomerism, ammonium base— 
carbinol, as improbable and prefers to speak of an isomerism, 
carbonium base- carbinol. 

"As far as the present question is concerned, it is a matter 
of indifference what type of isomerism we have. It is only 
important whether the colored base can be isolated. This 
appears not to be the case. A discussion of this matter by von 
Georgievics and WeiP led to no definite conclusion whether 
the colored preci])itates, which are obtained by a suitable 
addition of alkali to the solution of the dye, are or are not 
mixtures of the dye salt and carbinol. Hantzsch observed 
the ammonium base only in aqueous solution and Baeyer 


^ Zeit. phys. Chem., 58, 3^5 (1906). 

* Ber. chem. Ges. Berlin, 37 > 1183, 2848 (1904); 38, 569 (1905). 

® von Georgievics: Mitt. Gew. Museum, 1894; Ber chem. Ges. Berlin, 
29, 2015 (1896); Monatshefte fur Chemie, 17, 4 (1896); ai, 40 (1900). Weil* 
Ber. chem. Ges. Berlin, 28, 205 (1895); 29, 1541, 2677 (1896): 33 » 3 i 4 t (1900). 
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is of the opinion that the color bases have a definite but 
very limited stability. 

“One cannot, therefore, consider ,it probable that the 
ammonium base is present on the charcoal surface. There 
is also another argument against such a conception, namely 
that the substance in question is so insoluble in water. ^ The 
ammonium base ought to be soluble in water by analogy 
because it is a strong base, and also because the addition of 
alkali to a solution of crystal violet does not at first change 
the color at all. Since nothing precipitates, the ions of the 
color base must co-exist with hydroxyl ions, though of course 
it might be urged that there was supersaturation. 

“We also cannot assume the presence of carbinol on the 
charcoal surface. This assumption is contradicted by the 
color of the adsorbed substance, which is a lustrous golden 
brown in the case of crystal violet, not unlike the color of the 
dye salt. The hypothesis that one is dealing with a mixture 
of carbinol and dye salt seems scarcely to be a happy one in 
view of the previously described properties of the adsorbed 
dye. 

“The properties of the substance adsorbed on the surface 
of the charcoal correspond therefore neither to those of the 
ammonium base nor to those of the carbinol. The important 
properties are as follows: 

1. The substance must be formed by splitting off acid 
from the dye salt. 

2. It has a golden brown surface color in the case of 
crystal violet and probably a violet body color. 

3. It is insoluble in water [when in contact with char¬ 
coal]. 

4. It is soluble in alcohol, pyridine, etc., with violet 
color. 

5. It is soluble in benzene with reddish brown color. 

“It occurred to us that the polymerization products of 
fuchsonimine as described by Baeyer, corresponded sur- 

> (This argument has been recognized specifically as unsound. Freund- 
lich and Neumann- Zeit. phys. Chem., 67, 540 (1909).] 
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prisingly with the observed properties of the substance ad¬ 
sorbed on the charcoal surface. These products were ob¬ 
tained by grinding parafuchsine very fine in a mortar, treating 
with concentrated caustic soda, filtering, washing with water, 
and drying in a vacuum. There was obtained a brown 
amorphous powder which contained only traces of chlorine 
and which, on analysis, proved to have practically the com¬ 
position of the carbinol. It was completely insoluble in water 
but soluble in alcohol and in pyridine. 

“Now Baeyer considers this compound as a condensation 
product of the imine compound (NH2C(,H4)>C.C(.H4.NH, and 
there is no justification for such a compound in the case of a 
peralkylized substance like crystal violet. On the other 
hand, the similarity in the behavior of the two substances, 
crystal violet and fuchsine, is so great that it does not seem 
impossible that similar polymerization products may be 
formed under similar conditions. 

“This is actually the case. Finely powdered cry.stal 
violet was ground with caustic soda. It changed into a 
brownish violet amorphous powder which was sparingly soluble 
in water.^ It was collected on a filter and washed, whereby 
it ajipeared that the caustic soda and the wash water had re¬ 
moved quantitatixely all the chlorine contained in the dye. 
As soon as the wash water gave no further test for chloride, 
the powder was dried in a vacuum. It dissolved in alcohol and 
pyridine with a violet color and in benzene with a reddish 
brown color. When a piece of filter paper was dipped into 
the benzene solution and then allowed to dry, it became 
colored a deep violet. If alcohol were added to the benzene 
solution, a change to violet occurred. It is strikingly evident 
that the properties of this substance resemble very closely 
those of the substance adsorbed on the charcoal surface; 
loss of hydrochloric acid, color of the substance itself,- solu¬ 
bility relations, and color of the solutions.” 

^ We could not tell whether the slight color in the wash water w^as due 
to the new substance or to .some unchanged dye salt. 

2 The color was not quite so brownish tis that of tlie substance itself. 
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“The similarity with the behavior of fuchsine, and the ease 
with which the color salt can be regained by the action of adds, 
forces the conclusion that one is dealing with a condensation 
product of the carbinol or, more properly speaking, of the 
carbonium hydroxide or of the ammonium base. Unfor¬ 
tunately, external conditions prevented for the moment the 
quantitative study of these results. We have not yet deter¬ 
mined how long these substances will keep and whether they 
change in time to carbinol in presence of hydroxyl ion. As 
the result of the latest experiments and considerations we may 
say that charcoal splits the dye salt into base and acid, and that 
the base is very probably present on the charcoal surface as a 
condensation product of the true active colored base. 

“ It should be mentioned that this conception fits in ad¬ 
mirably in other respects with other facts. From the de¬ 
scription of these substances, it appears that they are amor¬ 
phous and colloidal. Amorphous substances are readily 
compressible, and compressible substances are adsorbed 
strongly, by surfaces or their formation is favored by sur¬ 
faces. That is also the case here and we are justified in con¬ 
sidering the union between charcoal and the condensation 
products of the color base as a stable colloid complex of a 
positive colloid (color base) and a negative colloid (charcoal), 
like those made familiar by the work of Zsigmondy, Biltz^ 
and others. 

“The question now arises as to the relation between the 
fibers and the dyes. Since there is an unbroken analogy be¬ 
tween the behavior of charcoal and that of fibers, we are 
forced to conclude that a similar product of the color base 
is adsorbed by the fibers and a similar colloidal complex 
formed. Here it may be mentioned that wool dyed with 
crystal violet is not decolorized by water but is by alcohol. 
In the literature there are numberless statements that the last 
traces of dye cannot be removed by alcohol but our experi¬ 
ments do not confirm this. The decolorized wool was just as 

‘ Ber. chetn. Ges. Berlin, 37, 1096 (1904). 
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yellowish white as the wool which had never been dyed. 
Sisley' also states that silk, which has been dyed with fuchsine, 
can be decolorized completely. He was able to repeat the 
cycle several times without the silk losing in weight at all, a 
further, and decisive, proof against the assumption of a salt 
formation between dye and fiber. It was unfortunately 
not possible to carry out an experiment on the removal of the 
dye from the fiber by means of benzene because the some¬ 
what swollen fibers were uncommonly difficult to wet with 
benzene.'' The difference in coloration between fiber and char¬ 
coal is not important; with the orderly arrangement on the 
charcoal surface, the surface color is the predominant one. 
With the fibers there is no such even distribution on the sur¬ 
face of an opaque substance, and consequently the body color 
is the important one. It is however well known among 
technical men that in certain cases (with concentrated dye- 
baths for instance) the fibers are dyed so deep a shade that the 
precipitated dye gives rise to a bronze effect similar to that 
on charcoal. The surface bronzing thus depends only on the 
amount of adsorbed dye and it shows up at lower concentra¬ 
tions with charcoal owing to the relatively smaller surface 
and greater adsorption. 

“This is the place to describe a peculiar phenomenon 
which has been noticed with deeply dyed carbon. If one adds 
a layer of benzene or any other organic solvent such as chloro¬ 
form, anisol, aniline or nitrobenzene (carbon bisulphide and 
ligroin scarcely act at all) to water in which is suspended 
charcoal dyed with crystal violet and in which there is not the 
slightest trace of color there appears in the course of time, .say 
ten minutes, a violet edging at the surface between water and 
benzene (or the other solvents) which gradually spreads more 
and more into the water until the water is colored a deep violet. 
This color is permanent so long as there is a layer of benzene 
above the water. As soon as all the benzene has evaporated 

* Bull. Soc. chim. Paris, 25, 865 (1900). 

’ (It .seems quite pos.sible that this is the explanation for Walker and 
Appleyard’s unexpected results with silk, picric acid, and benzene.—^W. D. B.] 
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the dye is all taken up again by the charcoal and the water 
becomes colorless again. If another layer of benzene is added 
to the water, the cycle repeats itself. In some cases this is 
done four or five times without any noticeable variation. A 
few grans of dyed charcoal are sufficient for the experiment. 

“The phenomenon is probably due to the fact that the 
base, or the condensation product, adsorbed by the charcoal 
is more soluble in organic solvents than in water; also, accord¬ 
ing to the experiments of Freundlich,’ adsorption is much 
less in organic solvents than in water. ^ The adsorbed sub¬ 
stance dissolves more readily in the benzene or in the' water 
saturated with benzene; and since it is less adsorbed, a certain 
amount will pass into the liquid. One might be surprised 
that the small amount of dissolved benzene could change the 
properties of the water so much; but this is actually the case. 
If one shakes benzene with water, gives the two layers plenty 
of time to separate, and draws off the water by means of a 
separatory funnel into a glass in which charcoal, dyed with 
crystal violet, is suspended in water, the liquid colored becomes 
uniformly violet. This experiment can only be interpreted 
to mean that the adsorbed base is more soluble and less ad¬ 
sorbed in water containing benzene. The violet color seems 
strange at first because it has already been mentioned that the 
base, adsorbed by the charcoal, dissolves in benzene to form 
a brown solution. If one remembers that addition of alcohol 
causes this color to change to violet, the violet color of the 
aqueous benzene solution ceases to be extraordinary.^ New 
fuchsine and brilliant green behave exactly like crystal violet; 
exceptionally good results are obtained when ether is sub¬ 
stituted for benzene.” 

Before discussing Freundlich’s conclusion that we ate 
dealing with a condensation product, it will be desirable to 

’ Zeit. phys Chem., 57, 385 (1906). 

* [This is true only in so far as it is a restatement of the greater solubility 

in organic solvents.—W. D. B.J , 

* For the existence of similar, colored, dye bases in organic solvents, see 
Michaelis: Pfliiger’s Arch., 97, 634 (1903); loi, 183 (1904). 
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see exactly what Baeyer and Hantzsch say in regard to the 
existence of ammonium bases. I quote first from a paper by 
Baeyer and Villiger.^ 

‘'Hantzsch- has studied the conductance of the vSystem, 
dye salt + NaOH, and has drawn the conclusion that the real 
color bases have the formula of an ammonium hydroxide. 
He has expressed this opinion so forcibly that these ammonium 
hydroxides are even to be found given in text-books as real 
compounds. We will now describe a few experiments which 
show that Hantzsch’s experiments do not constitute a con¬ 
vincing proof of the existence of the ammonium hydroxides. 

“As regards the behavior of fuchsine and new fuchsine 
with alkalies, Homolka has shown that ether, benzene, or 
chloroform extracts the brownish orange, (}uinoid base from 
the alkaline solution. This base is readily soluble in water and 
consequently is partially removed from the organic solvents by 
water. This accounts for the fact that a concentrated solu¬ 
tion in ether is obtained when an excess of caustic soda is 
added so as to salt out the base. If one adds a solution of 
Hornolka’s base- preferably from new fuchsine in benzene- 
to a dilute sodium chloride or potassium nitrate solution, a 
precipitate is obtained which contains a large amount of 
fuchsine. The quinoid color base has therefore taken hydro¬ 
chloric acid from the caustic soda and has .set free caustic 
soda as may l)e shown by testing with turmeric paper.If 
the benzene solution is dilute and the sodium chloride is like¬ 
wise very dilute, .say A\ 100, there is no appreciable precip¬ 
itation and the aqueous solution has a color intermediate 
between that of fuchsine and that of the imine base. From 
this one must conclude that fuchsine is present in the solution 
even though the dilution is so great that none precipitates. 
Consequently there must be present simultaneously in such a 

^ Ber. chem. GcvS. Berlin, 37, 2858 (1904). 

® Ibid., 33, 258, 752 (1900). 

* Weil has previously shown that fuchsine carbonate and sodium chloride 
react to form fuchsine and sodium carbonate, as can be shown by the alkaline 
reaction of the solution. 
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solution, imine base, fuchsine, sodium chloride, sodium hy¬ 
droxide, and carbinol. We can also show that imine is formed 
when one equivalent or less of caustic soda is added to a 
fuschine solution because ether is colored brown when shaken 
with the alkaline solution. 

“ If we keep these facts in mind when testing the accuracy 
of Hantzsch’s conclusion, we see that the existence in solution 
of a colored ammonium hydroxide is by no means proved. 
In the first place it is not correct to say^ that ether extracts 
no imine base from a solution containing fuchsine and one 
equivalent of caustic soda. The ether becomes distinctly 
brown and the carbonate is formed if one passes carbon 
dioxide through the ethereal solution. That the ether contains 
only a little imine base is not because very little of the fuchsine 
has been decomposed but because the imine is readily soluble 
in water. If one salts out the imine base by an excess of 
caustic soda, the ether of course takes up more of it. 

“In the second place, Hantzsch has calculated the con¬ 
ductance on the assumption that the system, fuchs'ne -f- i 
NaOH, changes at once to the system, fuchsine ammonium 
hydroxide -|- NaCl, which then reacts in two different ways, 
to form imine base -f NaCl, and carbinol -f NaCl. This 
assumption is inaccurate for two reasons. 

“Let us adopt Hantzsch’s point of view and assume that 
fuchsine is the salt of an ammonium hydroxide having the 
same strength as caustic potash. In the system, fuchsine 
-|- I NaOH, we shall then have an equilibrium between 
fuchsine, ammonium hydroxide base, sodium chloride and 
caustic soda. The observed conductance will therefore not 
be due solely to the ammonium hydroxide base but also to the 
sodium hydroxide. If, however, we adopt our assumption 
that fuchsine reacts with NaOH to form NaCl and imine base, 
which latter reacts with sodium chloride to form fuchsine again, 
the composition of the solution will be given by the equation 
fuchsine H- iNaOH = fuchsine base -f- imine base -f NaCl -f NaOH 
and oiie would naturally expect an increase in conductance due 

‘ Hantzsch: Ber. chem. Ges. Berlin, 33, 759 (1900). 
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to the presence of sodiu m hydroxide. The conductance will 
finally decrease to that of a sodium chloride solution owing 
to the imine base taking up water and forming carbinol. 
According to tliis way of looking at things, there is no change 
of an ammonium hydroxide into a pseudo-base but rather an 
addition of water by a quinoid substance. 

“With the completely alkylated dyes, such as hexamethyl 
violet [crystal violet] we may assume, with Hantzsch, that the 
true color base is an ammonium hydroxide. If this base could 
be isolated, it w(juld behave towards sodium chloride like the 
imine base of fuchsine and we therefore believe that what has 
just been said holds also for hexamethyl violet and that the 
large and gradually decreasing conductance, which Hantzsch 
found for hexamethyl violet -f i NaOH, is due to the con¬ 
ductance of the caustic soda, the amount of which decreases 
owing to formation of carbinol. We base this conclusion upon 
the action of an excess of alkali in decolorizing rapidly a solu¬ 
tion of crystal ^•io et. This seems to us to prove that the 
hypothetical ammonium hydroxide base can exist only for an 
immeasurably short time. It might be objected that the 
rapid conversion of the ammonium base to pseudo-base by the 
excess of caustic soda is due to the salting-out action of the 
latter; but this objection falls to the ground in view of the fact 
that ammonia decolorizes the solution of hexamethyl violet 
almost as ra])idly as caustic soda and yet does not salt out at 
all. According to Hantzsch hexamethyl violet is the salt of a 
base as strong as caustic potash and consequently it should 
cither not be decomposed at all by ammonia or only to a 
negligible extent. If the ammonium hydroxide base were also 
moderately stable, one does not see why a crystal violet 
solution should be completely decomposed by ammonia in a 
very short time- -within a minute under some conditions. 

“We therefore conclude that the true color base of fuch¬ 
sine is not the ammonium hydroxide but Homolka’s imine 
base, whereas the ammonium hydroxide is the true color 
base in the case of hexamethyl violet and all the completely 
alkylized dye salts, but is so instable that it cannot be char- 
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acterized as capable of existence in a chemical sense. Ac¬ 
cording to this point of view the conversion of an ammonium 
base into a pseudo-base occurs only in the case of the com¬ 
pletely alkylized dye salts.” 

This criticism was not long left unanswered by Hantzsch.^ 

“In the latest paper on ‘Dibenzalacetone and Triphenyl- 
methane,’ A. V. Baeyer and V. Villiger® have subjected my 
experiments and conclusions on the nature of the bases of the 
aniline dyes® to a criticism which unfortunately I cannot leave 
unanswered. Although, or more properly because, my re¬ 
sults are convincing from the standpoint of the dissociation 
theory, the reputation and influence of the first of the two 
authors make it necessary for me to discuss in detail the ob¬ 
jections to my conclusions. 

“From my experiments on the conductance of the system, 
dye salt (RN.Cl) -|- sodium hydroxide, I concluded that, 
since the observed conductance is at first (almost) exactly 
equal to the sum of the conductance due to the four ions, 
RN' -f CT -t- Na‘ -|- OH', such solutions—of crystal violet 
and sodium hydroxide, for instance—contain the dye at first 
(almost) completely as the true ammonium base which, like 
the tetramethyl ammonium hydroxide, has almost the 
strength (degtee of dissociation) of the alkalies. The ammo¬ 
nium bases of the dyes, however, are only temporarily stable 
even in the dissociated form, as shown by the gradually 
decreasing conductance of the aqueous solutions; they under¬ 
go isomeric changes, more or less rapidly into the pseudo- 
ammonium bases, the carbinols. There is a previous loss of 
water and change to an imine base in the case of those ammo¬ 
nium bases like fuchsine which still have hydrogen atoms at¬ 
tached to nitrogen. 


> C : C0H4 : NH.’ + OH' ■ 
dissociated ammonium base 

2; 


>C(OH).CcH4,NH2 

carbinol 


O ^ 

{35 imine base K 

C : C5H4 : NH 


1 Ber, chem. Ges. Berlin, 37, 3434 (1904). 

2 Ibid., 37, 2848 (1904). 

»Ibid., 33, 278, 752 (1900). 
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''According to von Baeyer and Villiger my ‘experiments 
do not constitute a convincing proof of the existence of the 
ammonium hydroxide;’ the authors come finally to the con¬ 
clusion that ‘ the true color base of fuchsine is not the ammo¬ 
nium hydroxide but Homolka’s imine base, whereas the 
ammonium hydroxide is the true color base in the case of 
hexamethyl violet and all the completely alkylized dye salts, 
but is so instable that it cannot be characterized as capable 
of existence in a chemical sense.’ 

"Let me first point out that, according to the general 
custom due to the dissociation theory, we only consider 
strictly as bases the hydroxyl compounds, R.OH, which are 
more or less completely dissociated in aqueous solution into 
R‘ and OH', in other words which furnish hydroxyl ions. 
We can only speak of ammonia as the base of ammonium 
chloride in the sense that we speak of carbon dioxide as car¬ 
bonic acid. It is more importantto note however that although 
the true base of ammonium chloride, ammonium hydroxide, 
is not known in a free state and cannot be isolated, yet it is 
capable of existing chemically in the form of an ion, for the 
degree of dissociation of aqueous ammonia solutions as calcula¬ 
ted from the conductance corresponds in fact to the amount 
of dissociated ammonium hydroxide. W’hen these generally 
accepted methods of reasoning are applied to the present case, 
we see that the true color bases are the ammonium bases, 
that the imine bases are the anhydrides of the ammonia type, 
and that the amount of the dissociated ammonium bases in 
aqueous solution can be determined from the conductance 
just as in the case of ammonium hydroxide. This cannot 
easily be determined directly because of the isomeric change 
of the ammonium hydroxide to carbinols. It is therefore 
determined indirectly as before pointed out. Objection has 
been made by von Baeyer and Villiger to the reliability of 
this indirect method not only in the case of fuchsine but also 
in the case of the completely alkylized dyes, such as hexa¬ 
methyl violet, which cannot form anhydrides of the ammonia 
type. According to their view one may assume that the true 
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color base of hexamethyl violet is an ammonium hydroxide; 
but it is still to be proved that the hypothetical ammonium 
hydroxide base can exist even for an immeasurably short 
time. 

“Since my conclusions from my experiments are quite 
different, I must give the course of reasoning at some length. 
If one had a pure aqueous solution of the crystal wolet base 
and could show that it was practically completely dissociated, 
that would be in itself sufficient proof that the solution con¬ 
tained the ammonium base of crystal violet. Unfortunately 
this simple state of things can only be attained with difficulty 
and without accuracy owing to the rapid isomeric changes 
of the base. Instead of trying to do this, I have started with 
very highly diluted, and therefore practically completely 
dissociated, solutions of the dye salt and have added equally 
dilute, equimolecular solutions of caustic soda. The con¬ 
ductance of the mixture proved to be the sum of the con¬ 
ductances of the components. Consequently the system 
must contain the four coexisting ions, RN,^ Cl, Na and OH. 

“We can therefore attribute to a misunderstanding the 
statement of von Baeyer that I made the assumption that the 
system, dye salt -f- NaOH, changed at once into the system, 
ammonium hydroxide base of the dye and sodium chloride. 
The misunderstanding is probably due to the fact that the 
conductance of sodium chloride (Na’ -f- Cl') has to be sub- 
stracted in order to obtain the conductance of the ammonium 
base (RN’ + OH'). This process, though also criticized, 
is completely justified by the dissociation theory. . . . 

“A dilute solution of crystal violet and caustic soda at 
first contains all foiu ions simultaneously. After deducting 
the conductance due to sodium chloride solution of that 
concentration, we get a conductance which is what we should 
expect if we had the dye cations and the hydroxyl anions 
coexisting at almost the same concentration that we should 
have with an equimolecular caustic soda solution at the same 

* Abbreviation for the cation of the color base. 
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dilution. From the dissociation theory we may conclude 
that the true hexamethyl violet ammonium base exists in these 
solutions and that it is almost as strong (dissociated) a base 
as the alkalies. Its instability in the undissociated ‘free’ 
state has nothing to do with the proved existence in the disso¬ 
ciated state. Nobody would question the existence of disso¬ 
ciated ammonium hydroxide in aqueous ammonia because 
it is impossible to isolate ammonium hydroxide. Solutions 
of the hexamethyl violet ammonium base change but slowly 
to the carbinol form, as is shown by the fact that the con¬ 
ductance of the solution goes back very gradually to that 
of the corresponding sodium chloride solution. Consequently 
von Baeyer and Villiger are not justified in saying that the 
hexamethyl violet ammonium base can exist only for an im¬ 
measurably short time. 

“Equally erroneous are the experiments and reasoning 
which purport to show that I was not justified in assuming 
the existence of the fuchsine ammonium base. It is im¬ 
material whether the conductance in the .sy.stem, fuchsine 
salt -t- NaOH, is due in part to the caustic soda. The im¬ 
portant fact is that at first (before the change to carbinol) 
large amounts of fuchsinium ions and hydroxyl ions there co¬ 
exist unaltered, without there being an immediate change 
such as occurs with an aniline salt and caustic soda 

ArNHsCl 4 - NaOH = (ArNHa’ -t- Cl' + Na' -f OH') 

= ArNHj.HaO + Na’ -f Cl', 

to the amine or to the imine base. That such solutions con¬ 
tain chiefly fuchsine hydroxide and only relatively small 
amounts of the imine base follows also from the color of the 
solutions according to Ostwald’s views on the color of the ions. 
At 0° freshly prepared solutions of fuchsine salt -f caustic 
soda have almost exactly the same color and intensity as 
equally highly diluted solutions of fuchsine salt without 
caustic soda. There are therefore practically equal amounts 
of the colored fuchsinium cations in the two solutions. 

“It is possible to account for the behavior of Homolka’s 
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imine base only by considering its relation to the true disso¬ 
ciated ammonium color base. The imine base is not removed 
from solutions in ether, benzol, or chloroform very thoroughly 
by water because it is very soluble in water, since so com¬ 
plex a triphenyl methane base would dissolve but slightly 
in water. What happens is that the imine base is simultane¬ 
ously hydratized and ionized by contact with water (like 
NHg): and the new compound is readily soluble in water. 
What we have dissolved in the aqueous solution is not the 
imine but almost entirely the dissociated ammonium hy¬ 
droxide. The brown base dissolves in indifferent solvents 
with a brown color; but anybody can see that in water we have 
a pure red solution of almost the same intensity as an equally 
concentrated fuchsine solution would be. Special experiments 
showed that the conductance of such solutions is almost as 
large as it should be for a completely dissociated ammonium 
hydroxide solution if we take into account the numerous and 
unavoidable experimental errors such as the rapid change 
of the fuchsine ammonium base to the carbinol, and the 
changes in conductance due to the varying amounts of ether 
or benzene, and also carbon dioxide, which are taken up 
when shaking out with water. Solutions of new fuchsine in 
benzene precipitate solid fuchsine when mixed under proper 
conditions with sodium chloride or potassium nitrate solu¬ 
tions; but this is not, as von Baeyer assumes, because the 
quinoid color base (imine base) has taken hydrochloric acid 
from sodium chloride, setting caustic soda free. In reality, 
the ions of the dissociated ammonium base have done this 
as soon as the concentrations exceeded the solubility product 
of the corresponding fuchsine salt. It is now possible to ex¬ 
plain von Baeyer and Villiger’s results that the brown imine 
base is extracted freely by indifferent solvents from an aqueous 
solution of fuchsine and sodium hydroxide. The aqueous 
solution contains chiefly the ions of the true ammonium 
hydroxide; there are also present small amounts of the imine^ 
base, just as in the case of aqueous solutions of all amines. 
Since the fuchsine imine base is readily soluble in ether and 
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■sparingly soluble in water, the ether removes practically 
all of the small amounts of imine base. The equilibrium is 
destroyed; more imine base is formed, which is then extracted 
by the ether, and so on. 

“Strictly speaking, the action of caustic soda on solu¬ 
tions of dissociated fuchsinium hydroxide is not a salting-out 
but depends on a specific action of the hydroxyl ions which 
the mass law shows to be important in aqueous solutions of 
all ammonia derivatives.' In such systems as 

R-N, n.oH r.nh.oh r.nh- + oh', 

addition of caustic increases the concentrations of hydroxyl 
ions and, in consequence, the concentration of the undisso¬ 
ciated portion. The shaking-out of the imine will therefore 
be aided and also the change to the pseudo-carbinol base 
accelerated. The following experiments show that caustic 
does not salt out such dye solutions at all but acts solely as a 
base by changing the concentration of hydroxyl ions. 

“Very dilute solutions (N 200) of fuchsine and of crystal 
violet were decomposed simultaneously by equal volumes of 

1. One molecular weight of caustic soda. 

2. One molecular weight of ammonia. 

3. One molecular weight of sodium chloride. 

4. Pure water. 

These solutions had at first the same intense red color, 
but the one containing caustic soda decolorized the most 
rapidly through precipitation of the carbinol bases. The 
solution containing ammonia changed more slowly and the 
one containing sodium chloride changed scarcely faster than 
the water one. Equal volumes of ether extract the most 
imine ba.se from solution No. 1 and the least from solutions 
Nos. 3 and 4, which is exactly what one would expect accord¬ 
ing to the dissociation theory. These experiments show that the 
true ammonium color bases exist in the dissociated state for 
easily determined periods and not for immeasurably short 
times. They also show that ammonia does not decolorize 

Cf. Hantzsch and Sel)aldt. Zeit pliys, Chem., 30, 258 (1899) 
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a solution of hexamethyl violet practically as rapidly as 
does caustic soda; and lastly that excess of sodium hydroxide 
causes the rapid change of ammonium base into pseudo¬ 
base, not, as von Baeyer and Villiger assumed, because of a 
salting-out action but because of the hydroxyl ions, the rate of 
isomeric change being proportional to the concentration of the 
hydroxyl ions. 

“I think that the results of my former experiments may 
now be considered as completely established. They may be 
summed up briefly as follows: The primary and actual 
bases of the dye salts of the triphenyl methane series are true 
ammonium hydroxides having the same color as the dye 
salts. They cannot be isolated in the ‘free’ (solid) state. 
They exist only in dilute aqueous solutions and therefore in a 
state of almost complete dissociation; their presence, how¬ 
ever, can be shown just as definitely as that of dissociated 
ammonium hydroxide in aqueous ammonia solutions. They 
undergo isomeric change to the pseudo-bases or carbinol 
with a var)dng but always measurable velocity, the change 
being autocatalytic because proportional to the concentra¬ 
tion of hydroxyl ions. The rate is therefore increased some¬ 
what by ammonia and still more by sodium hydroxide. From 
aqueous solutions of bases like fuchsine which still contain 
a hydrogen atom attached to nitrogen, indifferent solvents 
extract anhydrides of another color (Homolka’s brown imine 
base from fuchsine). This stands in exactly the same relation 
to the primary ammonium color bases as ammonia to ammo¬ 
nium hydroxide; the imine base is therefore not the true base 
but is the anhydride of that base and is converted by water 
almost completely to the dissociated ammonium base.” 

This reply by Hantzsch covers the ground very thor¬ 
oughly, and in a later paper Baeyer' concedes practically 
every point of importance raised by Hantzsch. Baeyer pre¬ 
fers to consider the free base as a carbonium base instead of an 
ammonium base; but that is immaterial so far as the theory 
of dyeing is concerned. 

* Ber. chem. Ges. Berlin, 38, 580 (1906). 
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We can now consider the question as to the form in which 
fuchsine is taken up by the fiber from a colorless ammoniacal 
solution. Freundlich postulated the presence of condensa¬ 
tion products of the imine base; but this was because he 
thought that the substance must be insoluble in water. As 
soon as he saw the error of this assumption, he also recognized 
that the color might be due to the ammonium base. The 
difficulty here is the alleged instability of the ammonium base; 
but I am inclined to think that this is a misunderstanding. 
If we add dilute caustic soda to a silver nitrate solution, we 
get silver oxide and not silver hydroxide. On the other hand, 
silver oxide and water are used by the organic chemists as 
equivalent to silver hydroxide. Either it occurs in solution 
or a solution of silver oxide has the properties of silver hy¬ 
droxide, which comes to about the same thing. If we add 
dilute caustic soda to a copper sulphate solution, we get the 
bluish precipitate which is commonly called cupric hydroxide. 
If we spent our lives always in hot water, We should not know 
this substance because addition of caustic soda to a hot copper 
sulphate solution precipitates the black oxide. If we boil 
wool with a solution of a copper salt, the fiber turns green. 
According to Knecht, Rawson and Loewenthal' it is con¬ 
clusively shown that a hydrate is not formed “in mordanting 
wool with copper salts. The fiber assumes a green color, but 
copper hydrate when boiled is at once dehydrated and trans¬ 
formed into black copper oxide. If copper hydrate had been 
formed, the fiber would be black, whereas it is green, and re¬ 
mains so even after prolonged boiling.” 

This is a fatal illustration. It is true that cupric hy¬ 
droxide does usually turn black when boiled with water; but 
Tommasi® has shown that this is not the case when one adds 
a little manganous sulphate to the solution. Under these 
conditions the solution can be boiled for a long time without 
causing the appearance of black copper oxide. This is a very 


* “A Manual of Dyeing,” second edition, 1, 59 (1910). 

» Bull. Soc. ehim. Paris, (2 ] 37, 197 (1882); Comptes rendus, 99, 37 (1884) 
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interesting experiment. In some way the manganese salt 
increases the stability of the cupric hydroxide so that it does 
not blacken at ioo°. If a manganese salt can do this, there 
is no reason why the wool fiber should not do the same, as ap¬ 
parently it does. There is np apparent reason why we should 
treat cupric hydroxide in one way and silk dyed with magenta 
in another way. I therefore conclude that silk stabilizes the 
color base of fuchsine, that wool stabilizes copper hydroxide, 
and that a manganous salt also stabilizes cupric hydroxide. 
In the paper of Finch' we have another type of stabihzation. 
An instable cupric oxide jelly becomes stable in presence of a 
limited amount of sulphate. The experiments of Bunce and 
Finch'' show that a certain concentration of acetate is neces¬ 
sary in order to stabilize a chromic oxide jelly. Because a 
substance is Soluble in water does not mean that that sub¬ 
stance •will dissolve readily when adsorbed by charcoal. Be¬ 
cause a color base is instable in solution does not mean that 
it is instable when adsorbed by silk. 

The point has been made that alcohol will remove all the 
color from silk that has been dyed in an ammoniacal fuchsine 
solution more readily than from silk that has been dyed in 
an acetate solution.^ Assuming this statement to be true, 
it should- be noted that it is not necessary to assume that 
silk always takes up the free color base alone, because it does 
so under certain circumstances. We have already seen that 
more dye is taken up in presence of a readily adsorbed anion 
or that a given amount of dye is held more firmly in presence 
of a readily adsorbed anion. It seems to me therefore not 
impossible that one may get a more permanent dyeing with 
rosaniline acetate, for instance, than with the free base. One 
ought to have more definite experiments on this point before 
coming to a final conclusion. 

Another point on which experiments are needed is as to 

^ Jour. Phys. Chem., 18, 26 (1914). 

2 Ibid., 17, 769 (1913). 

3 Schwalbe: Ahrensche Sammlung chemisch-tehnischer Vortrage, 12,. 
120 (1907). 
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beneficial effect of magnesium sulphate when dyeing with 
crystal violet.’ “It has long been remarked that woolen 
goods dyed with aniline colors, and treated with Epsom salts, 
will stand the action of soap and soda, and the dressing pro¬ 
cess generally, better than when not so treated or than when 
treated with any other substance. Dr. Reimann advises the 
use of Epsom salts in yams to be dyed violet. By the action 
of the soda, the magnesium salt is decomposed, with separation 
of insoluble magnesium compounds, which exert no action 
upon the coloring matter; any alteration in the color by the 
alkali is thus prevented.” 

Professor W. J. Hale of the University of Michigan 
called my attention to a paper on the constitution of aniline 
black by Green and Wolff’* in which these authors say; “It 
is interesting to note that whereas emeraldine, nigraniline, 
and aniline black are all, when produced in substance, easily 
soluble in 80 percent acetic acid, they cannot be extracted 
from the fiber by this solvent, but remain completely un¬ 
dissolved. That this must be attributed to some state of 
combination existing between the fiber and the dyestuff is 
proved by the fact that after removal from the fiber they are 
all obtained in a soluble condition. The remov^al is effected 
by dissolving the cotton in cold concentrated, sulphuric acid 
and pouring into water. The emeraldine or aniline black 
is obtained as a voluminous precipitate, which is filtered off, 
thoroughly washed, and basified by boiling with ammonia. 
The products thus obtained give the same reactions as the 
compounds prepared in substance.” Green and Wolff at¬ 
tribute the insolubility to a reaction between the cotton and 
the dye; but it is evident that this is analogous to the case of 
crystal violet and charcoal. There has been no change in the 
aniline black and as soon as the cotton is removed, the normal 
properties of aniline black are recovered. 

In the discussion of basic dyes and in the preceding paper 


* Jour. Chem Soc., 27, 500 (1874;. 

* Jour. Soc. Dyers, ig, April (1913)- 



Wilder D. Bancroft 


150 

on acid dyes, I have ignored completely the question whether 
the dyes formed true solutions or not. Teague and Buxton* 
found that methylene blue, chrysoidine, safranine, cosine, 
Bismarck brown, and alizarine red dialyzed readily through 
parchment at ordinary temperatures and were only slightly 
colloidal if at all. Nile blue, aniline blue, and alkali blue 
did not dialyze at ordinary temperatures but did somewhat 
at 37°. They are classed as highly colloidal. Congo red, 
azo blue, and night blue did not dialyze even at the boiling 
point and are considered as completely colloidal. Others* 
class methylene blue, picric acid, malachite green, eosine, 
fluoresceine, auramine, and alizarine red as true solutions; 
methyl violet, crystal violet, Capri blue, Nile blue, neutral 
red, Helvetia blue, and rhodamine 6 G as partly colloidal; 
fuchsine, night blue, roccelline, and the direct cotton colors 
as completely colloidal. 

The theory outlined in these papers is not concerned with 
the question whether the dyes form true solutions or colloidal 
ones. As far as the qualitative side is concerned, and that 
is the important thing at present, the general relations all hold 
whether the dye forms a true solution or not. It seems to me 
quite probable that the quantitative change in adsorption 
with var5dng acidity or alkalinity can only be answered after 
we decide whether a given dye does or does not form a true 
solution. For the moment, however, all that interests me is 
the outlining of a working theory of dyeing. The quan¬ 
titative details can be filled in at any time. 

The general results of this paper are; 

1. A basic dye is taken up most readily in an alkaline 
solution but may be taken up in a neutral or acid solution. 

2. A readily adsorbed anion increases the amount of a 
basic dye taken up. 

3. A readily adsorbed cation decreases the amount of a 
basic dye taken up. 


^ Zeit. phys. Chem.* 6o, 479 (1907). 

2 Cf. Pelet-Jolivet: ‘'Die Theorie des Farbeprozesaes/’ 33 (1910). 
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4. Since the sulphuric acid radical is adsorbed readily 
by wool, addition of sulphuric acid will cause more of a basic 
dye to be taken up by wool than addition of an equivalent 
quantity of hydrochloric acid or than addition of isohydric 
hydrochloric acid. 

5. Addition of sodium sulphate to a dye-bath will cause 
more of a basic dye to be taken up by wool. 

6. The theories in regard to the color bases of fuchsine 
and crystal violet have been discussed at length. 

7. Freundlich’s assumption of a condensation product 
of an imine base is unnecessary and undesirable. 

8. When silk is dyed red from a colorless, ammoniacal 
solution of magenta, the only argument against the color 
being due to the free color base is the instability of this latter 
in solutions. 

9. Manganous sulphate stabilizes cupric hydroxide so 
that it does not blacken when boiled with water. 

10. Wool stabilizes cupric hydroxide so that the fiber re¬ 
mains green even after the prolonged boiling. 

11. Silk stabilizes the color base of magenta. Because 
this base is instable in solution is no reason why it should be 
when adsorbed by silk. 

12. There is nothing in the theory as outlined to prevent 
the color being faster when silk is dyed with a fuchsine salt 
than when dyed with the free color base. The e\idence is 
not conclusive as to the existence of such a difference. 

13. It is possible, though not proved, that magnesia 
stabilizes the color base of methyl violet. 

14. Cotton causes adsorbed aniline black to become in¬ 
soluble in 80 percent acetic acid. If the cotton is removed, 
the aniline black recovers its so-called normal properties. 

15. So far as the qualitative side of the present theory of 
dyeing is concerned, it makes no difference whether a given 
basic or acid dye forms a true solution or a colloidal one. 

The third paper of the series will deal with mordants. 
Owing to press of other work, the appearance of the next 
article is likely to be somewhat delayed. 

CameU University 



THE DETERMINATION OF THE VELOCITY OF RE¬ 
ACTIONS IN SOLUTION FROM THE CHANGE IN 

DENSITY’ 

BY ERNEST ANDERSON AND J. L. HOLDEN 

Many reactions in solution take place with considerable 
change in density. It should be possible to determine the 
velocity of such reactions from a study of the density. There 
are probably three reasons why this density method for 
determining the velocity of reactions in solution has not been 
used to any extent. First, the change in density, in many 
such reactions, is comparatively slight. Second, while it 
is possible to determine the density of solutions to a high de¬ 
gree of accuracy, the process is slow. Third, other very ac¬ 
curate physical and chemical methods have been developed 
for this purpose. As soon as a direct method is perfected 
for obtaining the density of solutions very rapidly to the 
seventh decimal place, undoubtedly the density method will 
be used for determining the velocity of some reactions. “ 

As an illustration of the density method for determining 
reaction velocities the authors have used the inversion of cane 
sugar. It is well known that a solution of cane sugar in¬ 
creases in density as it inverts. A number of chemists have 
studied this change in density, and the data on it are numerous. 
However, no one seems to have determined accurately the 
velocity of this change in density. 

In the investigation three acids, oxalic, sulphuric, and 

’ Contribution from the Massachusetts Agricultural College. 

^ K. Koclichen: Zeit. phys. Chem., 33, 154 (1900), has used the dilato- 
inetric method in measuring the velocity of splitting of diacetone alcohol into 
two molecules of acetone by bases and salts. G. Galeotti; Zeit. phys. Chem., 
76, 105 (1911); 80, 241 (1912) has used the dilatometric method for determining 
the velocity of inversion of cane sugar and of other reactions. 

A. Benrath (Zeit. phys. Chem., 67, 501 (1909)) has made an accurate 
study of the density changes in the following reactions: Inversion of cane sugar, 
catalysis of certain esters by acids; esterification of certain acids and saponifica¬ 
tion of some esters. 
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hydrochloric, were used, all in normal solution. The follow¬ 
ing table gives in column (I) the constants found by the 
density method, and in column (II) the constants found by 
the optical method. 

Oxalic acid | Sulphuric acid Hydrochloric acid 

I II I I II I II 

0.0007403 0.0008525 I G.002270 , 0.002435 0.005106 0.004944 

o.ocx>837o 0,0009356 : 0.002485 0.002529 0.004992 0.005059 

0.0007668 0.0009061 I 0.002467 0.002759 0.005153 0.005176 

0.0007905 0.0008894 i 0.002599 0.002104 o.(X)5338 ' 0.005183 

0.0008183 0.0008908 ; 0.002387 0.002638 0.005087 0.005086 

0.CXX39012 o.o(j24ii 0.002452 0.005118 0.005126 

o.(xx)8923 0.002362 0.002588 - 0.005159 

Experimental Part 

In each determination a 1000 cc flask containing 500 cc 
of a 20 percent cane sugar solution, /. c., 20 grams of sugar 
made up to 100 cc with water, is placed in the thermostat at 
25® C. At the same time 500 cc of a normal acid and a dry, 
accurate, 50 cc specific gravity bottle^ are placed in the thermo¬ 
stat. When the solutions have reached the temperature 
of the thermostat the acid is poured rapidly in to the sugar, 
the whole shaken well, returned to the thermostat and the 
specific gravity bottle filled by means of a pipette. The 
thermometer, which serves as a stopper, is then inserted, 
and the drop on top of the side neck is removed with a towel, 
the time being recorded as the drop is removed. The specific 
gravity bottle is then taken out of the thermostat, allowed 
to stand a short time until the solution has contracted down 
the narrow neck and the whole weighed. 

After weighing the specific gravity bottle and solution, 
the solution is thrown out, the bottle washed, dried with 
alcohol and ether and an air stream, and returned to the 

’ The specific gravity botUe u.sed had a thermometer for stopper and 
a narrow side neck fitted with a cap. The bottle used with hydrochloric acid 
had a volume of 50.0507 cc at 25° C while the bottle used with oxalic and sul¬ 
phuric acids had a volume of 50.6989 cc. 
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thermostat. In the course of about 90 minutes the bottle is 
again filled and weighed as above described. This is repeated 
at intervals of 30 to 60 minutes until 8 or 10 readings have 
been made. The solution is then allowed to stand until there 
is no further change in the weight of the bottle full of solu¬ 
tion. If the second reading is made in less than 90 minutes 
after the first reading the constant does not agree well with 
the other constants. This point was not investigated closely. 

In order to study the change in density at different rates 
three acids were used, oxalic, sulphuric and hydrochloric, 
all in normal solution. At the same time, for the sake of 
comparison, the speed of inversion of the same sugar solution 
was determined by the polariscope. 

In calculating the constant it is necessary to know only 
the change in weight of the bottle full of solution and the 
constants given above are calculated in that way. The same 
constants are obtained if the density is calculated from the 
weights and the constant then calculated from the density. 

Data 

In the following tables, W in each case is the weight of 
the bottle full of solution, or the reading of the polarimeter; 
T is the corresponding time; t is the time in minutes from the 
first reading;'A — X is the end reading minus the reading 
at time t; A is the end reading minus the first reading; K is 
the constant given by the monomolecular reaction formula 


CONSTANT>S BY THE DENSITY METHOD 
(a) For oxalic acid 


w 

T 

1 

! " ^ 

1 

1 A —X 


83.6915 

8.26 

0 

1 960 

1 

83.7012 

10.50 

144 

863 

1 

: 0 

83.7083 

12. j 6 

230 i 

792 

' 0 

83-7157 

! 2.45 

1 379 

! 718 1 

! ^ 

83.7196 

3-44 

438 

679 

0 

83.7242 

4-55 

509 1 

633 

0 

83 7875 

End 




K 
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{b) For sulphuric acid 


83.9420 

8.59 

0 

973 1 

— 

83 9576 

10. 16 

77 

817 1 

0.002270 

83.9706 

I I . 19 

140 

687 1 

0.002485 

83 9758 

11.52 

173 

635 ; 

0.002467 

83 9965 

2 15 

316 

428 

0.002599 

84,0003 

3 21 

382 

390 ! 

0.002387 

84. cx>65 

4 30 

451 

328 1 

0.002411 

84.0100 

5 27 

508 

293 : 

0.002362 

84 0393 

End 

— 

— 

— 


(t ) For hydrochloric acid 


87 6774 

10.27 

0 

1 826 

I — 

87 7127 

12 16 

109 

; 473 

0.005I06 

87.7285 

I 40 

>93 

' 3>5 

j 0.004992 

87•7345 

2 15 

228 

' 255 

0 005153 

87 74*8 

3 12 

285 

182 

1 0 005338 

87.7463 

4 23 

35 h 

135 

1 0.005087 

87-7510 

5 40 

433 

90 

; 0 005118 

87.7600 

End 

— 

— 

1 — 


Constants by the Optical Method^ 
(a) For oxalic acid 


w 

T 

t 

A — X 

K 

+ 39-00 

7 28 

0 

50.7 

— 

+35 50 

8 52 

84 

47.2 

0 0008525 

+ 34-00 

9.19 

111 

45 7 

o.oo<.k;356 

+ 33-00 

9 47 

139 

44 7 

0 0009061 

+32.00 

10 15 

167 

43-7 

0 cxx)8894 

+30.50 

IO -54 

206 

42.2 

0 0008908 

+ 29.40 

11.21 . 

233 

41 I 

0 0 (X) 90 I 2 

+ 28.50 

! II 48 

j 260 

40.2 

0 0008923 

+ 24.00 

1 2.01 

‘ 393 

35 • 7 

0. (xx )892 I 

+ 22.60 

2.59 

451 

• 34-3 

0.0008664 

+ 20.0 

: 405 ; 

i 517 

317 

0.0009080 

—11.7 

End 


— 

— 


^ A saccharimeter, reading in i)ercent, was used. P'or oxalic and hydro¬ 
chloric a 2 dm tube was used while for sulphuric a 1 dm tube was used. 






Ernest Anderson and J. L. Holden 


156 


(b) For sulphuric acid 


+18.50 

8.49 

0 

24-5 

— 

4*17.00 

9-15 

26 

23.0 

0.002435 

+15.00 

9-50 

61 

21.0 

0,002529 

+11.50 

10.51 

122 

17-5 

0.002759 

+10.50 

II . 16 

147 

i6.6 

0.002104 

+ 940 

11-45 

176 

15-4 

0.002638 

+ 8.20 

12.32 

223 

14.2 

0.002452 

+ 6.50 

I .09 

260 

12.5 

0.002588 

+ 5-80 

1.44 

295 

11.8 

0.002477 

+ 500 

2.16 

326 

II .0 

0.002457 

+ 3 40 

2.56 

367 

9-4 

0.002610 

4- 2.00 

4-03 

434 

8.0 

0.002578 

— 6.00 ; 

End 

' — 

— 1 

— 


(c) For hydrochloric acid 


+36-40 

10.46 

0 

48-4 

— 

+28.50 

11,22 

36 

40-5 

0.004944 

+19.80 

12.09 

83 

31-8 

0.005059 

+12.80 

12-53 

129 

24.8 

0.005176 

+ 5-70 

2.00 

194 

17-7 

0.005183 

+ 2.50 

2-43 

237 

14-5 

0.005086 

+ 0.00 

3.20 

272 

12.0 

0.005126 

— 3-50 

4-25 

337 

8-5 

0.005159 

—12.00 

End 

— 

— 

— 






THE VISCOSITY OF BINARY MIXTURES 


BY EUGENE C. BINGHAM 

In 1905 Jones and Bingham’ advanced the hypothesis 
that in binary mixtures fluidities are normally additive. 
The prevaiUng assumption had been that viscosities are 
additive, but it was seen that if fluidities are additive 
viscosities cannot be. There was theoretical justification* 
for the newer hypothesis and the existing experimental data 
were in its favor,* for whereas it had been repeatedly noted 
that “the viscosity of a mixture of miscible and chemically 
indifferent liquids is rarely, if ever, under all conditions, a 
linear function of the composition”* it was found that the 
fluidity of such a mixture is much more nearly a linear function 
of the composition. 

Binary mixtures do not afford the best opportunities for 
testing the validity of the above hypothesis, .since so many 
liquids are associated and do not fulfil the requirement of 
being “chemically indifferent” to each other; so that, on 
mixing, either the association may break down causing a rise 
in the fluidity or a more or less feeble chemical combination 
may take place causing a drop in the fluidity. During the 
past nine years the author and his co-workers* have been 
engaged in accumulating other lines of evidence and in work¬ 
ing out some of the consequences of the hypothesis so long as 
the truth of the fundamental hypothesis should remain un¬ 
questioned. Recently, however, James Kendall® working in 
the Nobel Institute of Physical Chemistry under the direction 

' Am. Cheni. Jotir., 34, 481 (1005). Lees (Phil. Mag , 16 ] i, 128 (1901)] 
considered the fluidity formula for mixtures but discarded it because he found 
an empirical formula which better accorded with his data. 

“ Jour. Am. Chem. Soc , 33, 1257 (1911). 

* Am. Chem Jour., 35, 195 (1906). 

* Thorpe and Rodger. Jour. Chem Soc., 71, 374 (1897). 

* Bibliography and .summary of residts, Phys. Rev., 35, 407 U9i2l. 

* Meddelanden K. Vetenskapsakademien Nobelinstitut, 2, No 2s (1913)- 
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of Arrhenius has reached the conclusion that “the logarithmic 
viscosity (or fluidity) of a solution is the characteristic additive 
property, and not these quantities themselves.” 

Kendall reached this conclusion by obtaining the viscosity 
data for as many “normal” mixtures as possible and then 
comparing the observed values with those calculated on the 
various hypotheses that (i) viscosities are additive when 
volume concentrations are employed, (2) logarithmic viscosities 
are additive when volume concentrations are employed, (3) 
fluidities are additive when volume concentrations are em¬ 
ployed, (4) fluidities are additive when weight concentrations 
are employed, and (5) logarithmic viscosities (or fluidities) 
are additive when molecular concentrations are employed. 
He finds that the last gives better agreement and on this fact 
he bases the conclusion that the logarithmic viscosity (or 
fluidity) of a solution is the characteristic additive property. 

It is highly important that it be soon decided once for 
all whether viscosity, fluidity, or the logarithm of the fluidity 
(or viscosity) is to be regarded as the characteristic additive 
property in a given case. Viscosity, as a property of matter, 
is of fundamental importance in many lines of investigation. 
It is absolutely necessary that we have a clear understanding 
of the natiu'e of viscosity before we can hope to obtain a satis¬ 
factory understanding of conductivity, migrations of ions, 
rate of diffusion, rate of crystallization, and of the nature of 
colloidal solutions; and we may reasonably expect to find 
viscosity related in an important manner to volume, vapor- 
pressure, association, hydration, and other properties. Dis¬ 
cussion of this subject therefore seems desirable. 

Admitting a slight numerical superiority for the empirical 
logarithmic formula, is one justified in making an inference 
on account of it in regard to a fundamental physical relation¬ 
ship? As in the expansion of gases, may it not be that the 
ideal case is never realized and that, moreover, the exceptions 
are for the most part in one direction? Whatever the answer, 
the importance of the law which applies strictly to the ideal 
case only, like Boyle’s law, is not lessened thereby. 
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There is a further objection to Kendall’s conclusion, 
which is more serious. He has applied his test to so-called 
“normal” curves only, and following Dunstan’s' classification, 
Kendall regards all viscosity curves as normal which do not 
have a maximum or minimum. This classification places 
all mixtures in three categories which are quite sharp but also 
quite arbitrary', since, as has already been pointed out,® the 
occurrence of a maximum or minimum is an accidental circum¬ 
stance, depending very largely on the nearness to equality in 
the viscosities of the components of the mixtures. If the 
viscosities of the components are exactly equal, the feeblest 
sort of chemical combination will be sufficient to produce a 
maximum; and on the other hand, a large amount of chemical 
combination may be insufficient to produce a maximum if the 
viscosities of the components are very unequal.® 

We shall now attempt to prove that the method of select¬ 
ing the data used in the comparison described above would 
have tended to produce the result noted by Kendall even if 
fluidities are normally additiv'e. In Fig. i AFB is drawn to 
represent a linear fluidity curve, abscissas representing con¬ 
centrations and ordinates fluidities. If this were the normal 
fluidity curve, supposed to be given by unassociated and 
chemically indifferent liquids, the normal viscosity curve 
obtained by plotting the reciprocals of the fluidities would be 
ajb, which is part of an equilateral hyperbola whose 
asymptotes are CD and CE, the point (' being the point where 
the fluidity curve cuts the X-axis. On the other hand, if the 
viscosities are additive, the normal \-iscosity curve is of the 
form aVb, so it is seen that the viscosity of any mixture is 
smaller, if the fluidities are additive, than w'ould be expected. 


^ Jour. Chem. Soc , 91, 83 (1907). 

* Phys. Rev., [ 2 ] i, 108 (1913). 

* Kendall himself notes that Dunstan’s classification is not altogether 
satisfactory, for ‘'even where the curve of the viscosity appears to be of the 
normal type, changes of state may have occurred in the mixture which lire not 
sufficient to bring about a maximum or a minimum point.” For an attempt 
to obtain a more natural classification see Zeit. phys. Chem., 83, 660 (1913)* 



i 6 o Eugene C. Bingham 

if viscosities were additive. It can be proved' mathematically 
that this must invariably be the case except when the fluidities 
of the components arc identical, in which case the difference 
becomes zero. Now if logarithmic viscosities (or fluidities) 
are additive, the normal viscosity curve will be alb, which is 
intermediate between the other two curves; and it can be shown 
that if logarithmic fluidities are additive, the viscosity of a 
mixture must always be greater than would be expected on the 
hypothesis that fluidities are additive and less than would 
be expected on the hypothesis that viscosities are additive. 



Were liquids usually chemically indifferent and un¬ 
associated, there would be no difficulty in deciding which one 
of these hypotheses is correct. Unfortunately for our purpose, 
in the greater number of mixtures there is a change of tem- 
peratiue and volume on mixing and the cause of these changes 
also affects the viscosity and other properties. When there 
is a considerable contraction and heat evolution on mixing, 
there seems to be an invariable increase in the viscosity, 
and on the other hand, when there is expansion and heat 
absorption on mixing there is a lowering of the viscosity. In 

* Jour. Am. Chem. Soc., 33, 1261 (191J): cf. Phys. Rev., 35, 411 (1912). 
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taking the viscosity curves which show neither maximum 
nor minimum as his material for comparison, Kendall prac¬ 
tically took the curve aVb as his normal curve, since it lies half 
way between the two extremes, where a maximum or minimum 
occims and yet the object of the investigation was to discover 
which curve should be considered normal. Having taken as 
normal those curves which approximate to aVb instead of to 
ajb or alb, the hypothesis that logarithmic fluidities are addi¬ 
tive is placed at a disadvantage and the hypothesis that 
fluidities are additive is placed at a- still greater disadvantage. 
It would have been at least as logical to have taken as normal 
those fluidity curves which do not give a maximum or minimum 
and the result would certainly have been different, although 
of no value, because the case would have been prejudged in the 
choice of the data. The proper definition of a normal curve, 
to be as free as possible from objection, is the curve given by 
substances which mix without volume or heat change. This 
definition does not prescribe whether viscosities, fluidities, 
or other functions of the viscosity are to be compared and the 
quc.stion whether w'eight, volume, or molecular concentrations 
are to be used is likewise left open. 

If fluidities are really additive, Kendall’s choice of data 
gave preference to mixtures in which there is heat evolution 
and contraction since the corresponding increase in viscosity 
would correct the sagging of the curve afb. Thus while this 
method of choo.sing the data established a prejudice in favor 
of the hypothe.sis that viscosities are additive, yet the data 
are against that hypothesis, and the utmost that was accom¬ 
plished was the shifting of the average curve, so that it lies 
between those expected on the two extreme hypotheses and 
somewhere near the intermediate curve given by the 
hypothesis that logarithmic viscosities are additive. 

From what has been said it seems probable that Kendall 
has considered a greater number of mixtures where contraction 
and heat evolution take place than of the opposite kind; 
certainly examples of this kind are more common in the 
literature. Contraction and heat evolution seem to be quite 
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common in water mixtures, for example, and it is quite possible 
that these effects are due to a feeble chemical combination 
which is more pronounced and common than the oppdsite 
effect of dissociation. I have elsewhere^ attempted to show 
that the conditions in ordinary mixtures are quite analogous 
to those in electrical conduction when the resistances are in 
parallel, i. e., the fluidities, like the conductivities, are addi¬ 
tive or <p = mi<pi -f mi<p2 where Wi and wh represent the frac¬ 
tions of the total volume occupied by each of the components, 
having fluidities of <p\. and respectively. When under 

certain conditions the mixture is not homogeneous as in 
certain emulsions, the conditions are analogous to those in 
electrical conduction when the resistances are in series, i. e., 
the viscosities are additive or jj = -f nhin. Thus the 
fact is accounted for** that when a homogeneous mixtiu'e is 
cooled below its critical solution temperature, the fluidity 
decreases quite unexpectedly. It is not apparent that so 
simple an explanation could be obtained if logarithmic fluidities 
are the characteristic additive property. 

When conductors are arranged so as to be in parallel and 
in series simultaneously, a checkerboard arrangement results. 
Lees® has shown that for such an arrangement of viscous 
substances the logarithm of the resulting fluidity is equal 
to the logarithms of the components multiplied by their 
respective fractions of the total volume, or 

log V = m log <pi + m2 log 

The author beheves^ that ordinarily this condition is a 
fleeting one and that after a time a homogeneous mixture 
results in which the fluidities are strictly additive. But 
in any case, as Lees has clearly pointed out, volume per¬ 
centages must be employed and not molecular percentages 


« Phys. Rev., 35, 407 (1912). 

2 Jour. Am. Chem. Soc., 33, 1257 (1911). 
® Phil. Mag., [6] i, 128 (1901). 

* Phys. Rev., 35, 409 (1912). 



The Viscosity of Binary Mixtures 163 

as Kendall has proposed. Kendall states^ “A molecular 
formula has not been proposed. This is certainly strange, 
since from first principles the viscosity is a function of the 
molecular concentration, ‘viscosity being essentially the 
frictional resistance encountered by the molecules of the solu¬ 
tion in moving over one another.’ ” It is undoubtedly true 
that the size of the molecules determines the fluidity of each 
component, but it is difficult to see how the size of the mole¬ 
cules enters a second time into the calculation when two or 
more components are combined in a mixture. 

Finally there are various other lines of evidence in favor 
of the hypothesis that fluidities are additive, which at least 
have not yet been shown to be equally in favor of the hypothesis 
that logarithmic fluidities are additive. For example, sus¬ 
pensions of finely divided solids in liquids in which they are 
insoluble give fluidities* which are a linear function of the 
volume concentration. Moreover these curves converge 
toward a definite zero of fluidity. The -vdscosity and the 
logarithmic fluidity curves are not linear and they do not 
meet except at infinity. 

A. Batschin.ski* has very recently discovered that the 
volume of a liquid is a linear function of its fluidity v = a + h<p 
where a and b are constants characteristic of the given liquid. 
This would be a very surprising relation, if fluidities were not 
additive. 

Making use of the hypothesis that fluidities are additive 
it has been found^ possible to calculate the association of 
associated sub.stances and to obtain values which are in ex¬ 
cellent agreement with values calculated by other methods. 

It is probable that dissociation and combination play an 
unexpectedly common and important r 61 e in mixtures and 
solutions. It has been repeatedly pointed out that there is 
almost alw'ays some heat and volume change when liquids 

’ Page 3. 

Am. Cheni. Jour., 46, 278 (19”); cf. Phys. Rev., 35, 419 (1912). 

* Ami. Soc. d’encoiir. sc. exiier. et de leurs applic. Suppl., 3, 1913. 

* Zeit. phys. Chem., 66, 28 (1909); cf. Phys. Rev., [2] i, 106 (1913)- 
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are mixed, which has been taken as an evidence of chemical 
action. Under these circumstances, it is well-nigh useless to 
attempt to find an empirical formula to fit all cases. It seems 
more logical to first discover what is the characteristic addi¬ 
tive property. All cases which then do not fit the accepted 
formula—^perhaps very few will fit it—will be explained on 
the basis of dissociation or combination or both. If these 
chemical changes are subject to the familiar chemical laws 
of Definite and Multiple Proportions and Mass Action, then it 
may prove a comparatively simple matter from the funda¬ 
mental fluidity (or other) formula and the affinity constants 
to calculate the fluidity of any mixtine at any temperature, 
knowing the fluidities of the components. Work by the 
author and his co-workers along this line has already yielded 
some very promising results.* The formation of a so-called 
“hydrate” or other feeble combination is not to be lightly 
assumed as a pure matter of convenience. The trouble in the 
past has been not in a lack of evidence but that the evidence 
has been confusing. When two liquids were mixed, the 
contraction in volume and heat evolution were taken as evi¬ 
dences of chemical combination, and the composition of the 
hydrate was taken to be that of the mixture in which the 
contraction and heat evolution were a maximum. The 
maximum in the viscosity curve was likewise taken to indicate 
the composition of a hydrate, but this hydrate was different 
and moreover its composition seemed to vary with the tem¬ 
perature. Naturally when the testimony of the different 
properties upon this important question was so greatly at 
variance, chemists were forced to regard the whole question 
as open. It is- a satisfaction therefore to be able to state that 
in the cases which have been carefully investigated, the 
maximum deviation from the linear fluidity-volume concentra¬ 
tion curve is found in the same mixture which shows the 
greatest heat and volume changes on mixing. In the case of 


^ Zeit. phyvS. Chem., 83, 662 (1913). 
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ether and chloroform,* for example, this mixture also corre¬ 
sponds exactly to the formula C4H10O.CHCIS, and furthermore 
the vapor-pressure curves of these mixtures give evidence 
of the formation of the same complex. Thus the way seems 
open for a considerable extension of our conceptions in regard 
to chemical combination and the difficult problem of hydra¬ 
tion in solution. 

Richmond College 
Richmond, Ff/. 

June JO, roij 

* Loc oil 



THE PHOTOCHEMICAL DECOMPOSITION OF 
HYDROGEN PEROXIDE 

FIRST PAPER 

BY J. HOWARD MATHEWS AND HARRY A. CURTIS 

Introductory 

It has been known for a long time that light is a factor 
in the ordinary slow decomposition of hydrogen peroxide. 
In 1879, Downes and Blunt' found that an 8 percent solution 
of hydrogen peroxide was entirely decomposed after a ten 
months’ exposure to sunlight, while a similar solution, kept 
in the dark, was much more stable. 'I'his accelerating in¬ 
fluence of light was also noted by D'Arcy- in his investigation 
of the electrical phenomena accompanying the decomposition 
of hydrogen peroxide. The decomposition of hydrogen per¬ 
oxide in the presence of blood serum salts was investigated 
by Kistiakowsky,® who came to the conclusion that the light, 
in this case, acts as an indirect catalyst through the formation 
of a “photo-colloid” from the blood serum salts, which then 
decomposes the peroxide. Supporting this view is the fact 
that the reaction continues at the same rate in the dark after 
the solution ’has been once illuminated. In IQ07, Thiele' 
reported the decomposition of hydrogen peroxide by the light 
from a mercury arc, and three years later Tiair' measured the 
rate of this reaction in ultraviolet light, finding it to be a re¬ 
action of the first order. During the summer of 1913. while 
the experiments which we describe below were in progress, 
two papers by Henri and Wurmser" on the photolysis of 
hydrogen peroxide appeared. The first of these deals with the 
decomposition in monochromatic light of various wave lengths, 

’ Nature, 20, 521 (1879). 

^ Phil. Mag., [6 1 3, 42 fi9C)2). 

3 Zeit. phys. Chem., 35, 431 (i9(xj). 

^ Zeit. angew. Chem., 22, 2472; Her. chem. Ge.s. Perlin, 40, 4914 (1907). 

Cimptes rendus, 151, 1040 (1910) 

' Ibid., 157, 126, 284 (1913). 
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the energy absorbed at each wave length being measured by a. 
thermopile and galvanometer. The second paper concerns 
the negative catalysis of the photochemical reaction by various 
substances. 

Source of Lig^ht 

As a source of light we have employed a “uviol lamp” 
(mercury arc in Schott & Gen. ”Uviol B” glass) running on a 
I lo volt circuit. In series wdth the lamp were placed a rough 
rheostat, a small sliding-contact resistance coil, the usual 
inductance spool to compensate for small variations of current, 
and an ammeter. A volt-meter was connected across the 
terminals of the lamp vSince there is a considerable “kick” 
from the inductance spool w'hen the lamp goes out, and this 
sooner or later burns out the volt-meter, it was found best to 
include a key in the volt-meter circuit, making contact only 
for the instant required to read the instrument. 

In order to gel constant illumination it is necessary to 
keep the potential drop across the lamp constant, and this is 
not easy to do if the lamp is exposed to the air. We found it 
much better to jacket the lamp in a uviol-glass tube and then 
keep the temperature constant by drawing air through the 
jacket. With this arrailgement the resistance of the lamp 
becomes constant a few minutes after lighting it, and the 
regulating is very easy. The temperature inside the jacket 
may be kept considerably above room temperature we use 
80 90"" - and the tendency for mercury globules to fog the sides 
of the lamp thereby is much lessened. 

Reaction Chamber 

A tube of (juartz, clo.sed at one end with j>araffin, served 
as the reaction chamber. This tube was jacketed in a uviol- 
glass tube and kept at constant temperature by pumping 
water from a thermostat through the jacket. The quartz 
tube carried a wooden pulley at its upper end, and was rotated 
on its axis at constant speed by a small electric motor and 
pulley system. This rotation secures uniform illumination 
of all sides of the reaction tube, and, together with tlie mixing 
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of the solution caused by the bubbles of oxygen rising from the 
decomposing peroxide, accomplished a very fair stirring. The 
reaction tube was placed at a distance of 5 cm (nearest sides) 
from the lamp, and parallel to it. The arrangement of the 
apparatus is shown diagrammatically in Fig. i. 



A —Pulley for rotating quartz tube. 

B —Entrance for water from thermostat, 
r—Quartz reaction tube. 

I) —Uviol-glass jacket. 

E —Paraffin. 

F—Cork. 

(7 —Brass spindle. 

H —Cork. 

/—Exit for water returning to thermostat. 
k —Tube drawing air through lamp jacket. 

L —Uviol lamp. 

M —Uviol-glass jacket. 

N —Mercury in lamp. 

0 —Glass wool. 

P —Key in the volt-meter circuit. 

R —Volt-meter. 

5 —^Ammeter. 

T —Inductance spool. 

U —Small sliding contact resistance. 

V —Rough rheostat. 

Thermometers in both jackets, thermostat, and pulley 
system for rotating reaction tube not shown in diagram. 
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The Hydrog'en Peroxide Solution 

Distilled water of conductivity approximately 1.5 X lo’’® 
mhos was prepared and stored in a quartz flask. Merck's 
30 percent ‘^perhydrol, absolut saurefrei, chemisch rein" 
was then poured directly from its paraffin container into the 
water to give the strength of solution desired. Fifty-five cc 
of this solution were poured into the reaction chamber, this 
amount giving a column 60 cm high in the tube. 

It is well known that the alkalies from glass affect the rate 
of decomposition of hydrogen peroxide.^ By using only 
quartz as a container for the peroxide, we have avoided the 
possible catalytic effect from this source. 

The peroxide content of the solution was determined by 
titrating with potassium permanganate solution in the presence 
of sulphuric acid. In the first experiments, the sampling was 
done with a capillary pipette, but later this was discarded 
and the sample withdrawn for titration was transferred to a 
weighing bottle containing dilute sulphuric acid and accurately 
weighed. By using about a half-gram sample, and a per¬ 
manganate solution N; 20, the error of analysis was less than 
o.oi percent on a 3 percent peroxide solution. 

Rate of. Decomposition 

Without illumination, the rate of decomposition was very 
slow at temperatures below 50°. The reaction begins im¬ 
mediately upon illumination and proceeds smoothly. Upon 
extinguishing the lamp, the rate of decomposition again be¬ 
comes very slow. Fig. 2 shows graphically the effect of 



Fig. 2 


^ See, for example, Walton and Judd: Zeit. phys. Chem., 83, 315 { 1913 ). 
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illumination. Curve I represents the rate of decomposition 
with illumination, Curve II shows the rate when the lamp is. 
extinguished, and Curve III the rate upon again illuminating. 

We find no evidence of an inductance effect, either at the 
beginning or at the end of the illumination; an inductance 
period of less than two minutes would, however, escape our 
notice under the experimental conditions established. 

Order of the Reaction 

In agreement with the results of Tian and of Henri and 
Wurmser, we find that the photolysis of hydrogen peroxide 
is a reaction of the first order, as the following data, repre¬ 
sented by Fig. 3, show: 



Table I 


Time (Min.) 

Per cent Hj 02 

j K (for first order) 

0 

1.58 

— 

70 

I .21 

0.0038 

100 

1.06 

0.0040 

132 

0.93 ; 

0.0041 

160 

0.83 1 

0.0041 

191 

0.71 

0.0042 

220 

0.63 

[ 0.0042 

252 

0-55 

i 0.0042 

310 

0.44 

0.0041 

373 

0.34 

0.0042 

432 

0.26 i 

0.0042 


Temperature Coeflleient of the Reaction 
We find the temperature coefficient of the reaction to be 
about 1.5, as the following data show: 




Photochemical Decomposition of Hydrogen Peroxide 171 


Table II 
Temperature 35 ° 


e (Min.) ; 

CC KMn 04 1 

K' (for first order) 

0 5 

74.26 

— 

30 

71.10 

0.0015— 

60 

68.9 

O.OOII— 

90 ! 

66.3 i 

0.0013— 

120 I 

63-7 

0.0013+ 

150 

60.9 i 

0.0015 

182 

583 

0.0014— 

214 

55-7 

0.0014+ 


Average value K' = 0.00136 

Table III 

Temperature 45 ° 


Time (Min.) | 

1 

CC KMn04 

K' (for first order) 

1 

0 1 

51-2 

— 

20 1 

49.2 

0.0020 

40 ; 

47.2 

0.0021 - 

58 1 

45-4 

0 0021 + 

137 ; 

38.0 

0.0022 + 

158 

36 • 4 

0 0020+ 

' Average value K" = 0.0021— 


For the 10° interval: 


This ratio was checked by the following duplicate experi¬ 
ment: 

Table IV 

Temperature 21° 


Time (Min.) cc KMnO^ 


K' (for first order) 


0 

, 41-4 

— 

42 

40 3 

0.0006 

76 

39-2 

0.0008 

116 

i 38.1 

o,<X)07 

257 

j 37-0 

i ' 

0.0007 

Average value K' = 0.0007 
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TabIvB V 
Temperature 35.5“ 


Time (Min.) | 

cc KMn04 

(for first order) 

0 ! 

35-9 

— 

34 

34-5 

O.CX)I 2 

70 , 

33-2 

O.OOII 

130 : 

30.7 

0.0013 

166 ‘ 

295 

O.OOII 


1 Average value K" = 0.0012 

For 10° interval: 

10 

( O.CX)12\ c 
00007/ =r 1.45. 

K( 

It is probable that these ratios are a trifle high due to the 
slight increase in the natural rate of decomposition (i. c., 
without illumination) at the high temperature. This effect 
is, however, small compared with the photochemical decom¬ 
position. 

Negrative Catalysis of the Light Reaction 

It is an interesting fact that this photochemical reaction 
is sensitive to the presence of a number of widely different 
substances. Henri and Wurmser^ found that sulphuric acid, 
sodium hydroxide, iodine, mercuric chloride, potassium 
cyanide, sodium thiosulphate, and hydrogen sulphide act as 
preservatives for hydrogen peroxide with respect to the light 
decomposition. Our present paper includes acetanilide, 
sodium chloride, sulphuric acid, calcium hydroxide, sodium 
hydroxide, and barium hydroxide. 

It will be noted that our results with sodium hydroxide 
and sulphuric acid check those of Henri and Wurmser, qualita¬ 
tively at least. 

All the above substances act as negative catalysts. The 
case of sodium hydroxide is especially interesting on account 
of the fact that this substance is a powerful positive catalyst 

1 Comptes rendus, 157, 284 (1913). 
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for the heat decomposition of hydrogen peroxide.^ On the 
other hand, calcium hydroxide, which has no effect on the heat 
reaction,* shows a marked preservative action with respect 
to the light reaction. 

Our method of studying the effect of catalysts on the 
photochemical reaction was as follows: 

The decomposition of a pure solution of hydrogen peroxide 
was begun as in our previously described experiments, and the 
reaction followed by titrating weighed samples from time to 
time until the rate of the decomposition was definitely as¬ 
certained. When the decomposition had proceeded smoothly 
for two or three hours, a very small known quantity of the 
catalyst, dissolved in i cc of water, was squirted into the 
peroxide solution near the middle of the reaction tube. The 
sampling and titrating were then continued until the new 
rate of decomposition became established. 

The addition of the i cc of water will, of course, dilute 
the i)eroxide solution, so that the first point determined after 
adding the catalyst, will, in general, lie below the prolongation 
of the old decomposition curve, if the next titration sample 
is taken soon after adding the catalyst. The magnitude of the 
dilution effect will depend upon the strength of the peroxide 
solution and its volume at the time the catalyst is added, and, 
in general, will be the greater the higher the concentration 
of the peroxide. The first point on the new curve may also 
lie slightly below the new curve itself, as determined by 
subsequent points, due to an excess local dilution in the 
neighborhood of the point from which the titration sample 
is withdrawn. This is more likelj- to occur when the sample 
is taken very .soon after the addition of tlie catalyst, before the 
.solution has had time to become uniform. Fig. 6 shows this 
effect. 

If a longer time elapses between the addition of the 
catalyst and the next sampling, it is obvious that the first 
point on the new curve will lie above the prolongation of the 

' Walton and Judd: Zeit. phys. Chem., 83, 315 (1913). 
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old curve if the catal3rst added acts as a preservative. An 
example of this sort we see in Fig. 4, where the interval was 
about 36 minutes. 

That the effect we have called a dilution effect, was in 
reality due to dilution alone, and that the dilution had no 
effect on the rate of decomposition, was experimentally 
verified by making a run with the addition of pure water in¬ 
stead of a solution of catalyst. Curves I and II of Fig. 9 
show the result. 

It will be noted in each case that the peroxide solution 
at the time of adding the catalyst was of such a strength that 
the decomposition curve would not have differed essentially 
from a straight line for many hotus. The change in direction 
of the curve cannot, therefore, in any case be ascribed to the 
normal change for a logarithmic function, as shown, for ex¬ 
ample in Figs. 2 and 3, where the concentrations were quite 
small. 

While hydrogen peroxide is undoubtedly formed by the 
action of light on water, ^ this factor does not enter into our 
experiments. In the first place, the amount of peroxide 
formed, even under the most favorable condition, is small 
compared with the changes of concentration which we are 
measuring; and furthermore, Tian® has shown that the forma¬ 
tion of hydrogen peroxide in water is accomplished only by the 
extreme ultraviolet, in the neighborhood of 190 nn. While 
uviol-glass is much more transparent to the shorter wave 
lengths of light than is ordinary glass, its lower limit of trans¬ 
parency is at about 250 and it would therefore cut off the 
rays which are effective in the formation of hydrogen peroxide. 
Effect of Sulphuric Acid 

Sulphuric add exerts a marked preservative action on the 
photolysis of hydrogen peroxide, a fact which Henri and 
Wxu-mser have already noted. In Fig. 4, Curve I represents 

’ Thiele: Zeit. angew. Chem., 23, 2472; Ber. chem. Ges. Berlin, 40, 4914 
(1907); Kembaum: Comptes rendus, 149, 273 (1909); Tian: Ibid., 152, loia 
(1911). 

* Tian: Comptes rendus, 152, 1483 (1911). 
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the rate of decomposition before, and Curve II the rate after, 
the addition of the acid. The acid was of such a strength as 
to make the whole solution 0.07 percent or N/jo H2SO4. 



Effect of Sodium Chloride 

Five hundredths of a percent of sodium chloride has a 
marked preservative influence with respect to the light re¬ 
action. In Fig. 5, Curve I represents the rate of decom¬ 
position without the catalyst, and Curve II the rate after 
adding the salt. 



Effect of Acetanilide 

Four hundredths of a percent of acetanilide (the amount 
contained in Eimer & Amend’s 3 percent peroxide) stops the 
light reaction abruptly, as Fig. 6 shows. 

An acetanilide solution of only 0.0008 percent exerts a 
marked preservative action. 
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Fig. 6 

Effect of Calcium Hydroxide 
The preservative effect of calcium hydroxide is shown in 
Fig. 7. The strength of the lime-water added was such as 
to make the whole solution 0.002 percent or about AT/1850. 



Effect of Sodium Hydroxide 
Fig. 8 shows the effect of adding sodium hydroxide to 
give a 0.053 percent or about Ar/75.5 solution. 

Henri and Wurmser have noted this effect. 



Fig. 8 
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Effect of Barium Hydroxide 

Barium hydroxide, as does calcium hydroxide, acts as a 
preservative. In Fig. 9, Curves I and II show the effect of 
adding i cc of pure water, while Curves II and III show the 
effect of adding 1 cc of baryta water. Strength of baryta 
solution, after mixing with peroxide solution, 0.007 percent 
or approximately AT/1220. 



All of the experiments on the effect of catalysts were 
carried out at 25°. It will be noted that differences in con¬ 
centration are plotted on a large scale, so that very small 
variations, due, in part, at least, to experimental errors, are 
magnified. For example, in Fig. 7, where the points do not 
line up very well, the maximum variation from the curve is 
less than 0.025 percent H.Oj. 

Summary 

1. We have described an apparatus suitable for studying 
certain photochemical reactions, and have applied it to the 
decomposition of hydrogen peroxide by light (Fig. i). 

2. The photolysis of hydrogen peroxide proceeds smoothly, 
at constant temperature and illumination following the course 
of a unimolecular reaction (Fig. 3 and Table I). The reaction 
ceases abruptly upon extinguishing the light, i. c., it is a pure 
photolysis and not a secondary reaction, as is the case when 
blood serum salts are present (Fig. 2). 
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3. The temperature coefficient of the light reaction is 
approximately 1.5 (Tables II, III, IV, V). 

4. The following substances act as negative catalysts 
for the light reaction: 

Sulphuric acid, N/70, Fig. 4. 

Sodium chloride, N/116, Fig. 5. 

Acetanilide, 0.04 percent. Fig. 6. 

Lime-water, iV/1850, Fig. 7. 

Sodium hydroxide, N/75.5, Fig. 8. 

Baryta-water, N/1220, Fig. 9. 

Laboratory of Physical Chemistry 
University of Wisconsin 
Madison, Wisconsin 
November, I0ij 
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Liquid Air, Oxygen and Nitrogen. By Georges Claude, Translated by 
H. E. P. Cottrell. 26 X cm; pp. v *+• 418. Philadelphia: P. Blakiston*s Son 
& Co., 1913. Price: $5 50. —In the foreword the translator says: 

“Great as is the present importance of the manufacturing processes con¬ 
nected with the production of liquid air, oxygen, and nitrogen, there can be no 
doubt that it will increase immeasurably in the future, for the known applica¬ 
tions of these processes, though already numerous, will not be a tithe of those 
which cannot fail to be progressively discovered and placed at the disposal of 
civilization. This reason, even if no other existed, would have afforded a suffi¬ 
cient inducement for providing a standard work on this subject in the English 
tongue, an acknowledged want which the present translation, it is hoped, will 
help to satisfy. 

“The problem of supplying the ever-increasing demand for nitrogen, in 
forms suited to agriculture, is a pressing one, to which the relatively excessive 
cost of nitrogenous manures bears eloquent testimony. Many of the keenest 
minds of the chemical world have, for the last fourteen years, been devoting 
themselves to the solution, which ultimately implies recourse to the practically 
inexhaustible stores of atmospheric nitrogen in a more or less direct fashion. 
This in turn implies the solution of the problem of the separation of the air into 
its constituent elements, and the method of distillation and rectification at very 
low temperatures, on which both Linde’s and Claude’s processes are based, 
has been, up till now, the most favored because of the very high degree of purity 
with which the nitrogen so divStilled from the air is produced. 

“The day of nitrogen derived from the air has definitely dawned, and 
manufactures of its products and derivatives on a grand scale are springing up 
all over the w'orld, so that within a comparatively short time the old sources of 
.supply of ammonia and nitrates will no longer be the chief and practically only 
.sources on which agriculture can depend for replenishing the evcr-dei)lcling 
stores of nitrogen in the soil. Had the means of producing and distilling liquid 
air not been developed when they were, as described in the following volume, 
the day when chemical manufactures shall have rendered the nitrogen famine, 
predicted by Sir William Crookes, impo.ssible, would unquestionably have been 
still in the dim future instead of well in .sight and rapidly approaching.” 

The first part of the book is devoted to the liquefaction of gase.s, the second 
part to the commercial liquefaction of air, the third to the tire.servation and 
properties of air, and the fourth to the separation of air into its elements. The 
subject matter in regard to commercial liquefaction is treated under the headings: 
expansion and Siemens’ exchange of temperature—from Siemens to Linde; the 
imperfections of the gaseous state and the work of van der Waals; expansion 
by simple outflow; expansion with external work that can be recuperated. Under 
the separation of air into its elements, the headings are: general consideration.s— 
diverse processes; particulars of the evaporation of liquid air; the recuperation 
of cold; various proces.ses for progressive evaporation; the accelerated lique¬ 
faction of the oxygen of the air; some considerations on the liquefaction of gaseous 
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mixtures; application of the antecedent liquefaction of the oxygen of the air; 
rectification; grouping of apparatus—existing plants. 

The author and Linde are the two men who have done the most work on the 
commercial liquefaction of air, so the subject is treated by an acknowledged 
authority. The book is written in the vivacious style which is so difl&cult to 
reproduce successfully in English. The tran.slator has been handicapped by the 
fact that certain French idioms, p. 277, become double negatives when trans¬ 
lated too literally. It is a matter of opinion whether the book might not have 
been improved either by making it more popular or more technical ; but it is 
both readable and valuable in its present form. Wilder D Bancroft 

Die Atomionen chemischer Elemente und ihre Kanalstrahlen-Spektra. 

By J. Stark. 22 X 15 cm; pp. 47. Berlin: Jidius Springer^ IQ13. Price: 
1.60 marks. —In these few pages the author gives a welcome outline of the recent 
work on canal ray spectra. This is of great importance because it gives us a 
direct method of determining the equivalent weights of all the positive ions 
that are to be found in the gas under study. From our knowledge of the chemical 
composition, it is comparatively simple to determine the molecular weights and 
valences of tlie ions in question. In consequence, we now speak freely of uni¬ 
valent, bivalent, and trivalent, monatomic ions of mercury, aluminum, nitrogen, 
oxygen, sulphur, chlorine, iodine, and argon With boron, magnesium, carbon, 
silicon, and helium, the trivalent monatomic ions have not been discovered but 
we may live in hope. The red spectrum of argon is now attributed to the uni¬ 
valent ions, and the blue spectrum chiefly to the bivalent ions. The electrolytic 
ion differs from the gaseous ion by being swaddled in adsorbed water, which 
masks the absorption spectrum. Wilder D Bam roft 

Derkolloide Schwefel. By Sven Oden. 2Q X 22 cm; pp IQ3 Upsala: Aka- 
demische Buchhandlung, 1913. Price: 10 kronen. —This is an admirable mono¬ 
graph, dealing as it does with the preparation, purification, properties, and changes 
of colloidal sulphur One of the very interesting points is that sulphur is pre¬ 
cipitated reversibly by pota.s.sium salts, whereas precipitation is irreversible in 
case a barium salt is added at a moderate concentration and is allowed to stand 
in contact with the precipitated sulphur for some time Irreversible precipi¬ 
tation can also occur with sodium chloride at 80°. The theory is quite simple 
after somebody else has pointed it out. Precipitation is reversible in case one 
washes out the precipitating agent Ijefore agglomeration has taken place. Ag¬ 
glomeration takes place more readily when there is a large percentage excess of 
coagulating agent or when the temperature is rai.sed Tf a high concentration of 
a coagulating agent is necessary to cause precipitation, it will be relatively easy 
to wash the adsorbed precipitating agent out ot the precipitate, whereas this will 
be practically impossible if the precipitating agent acts in very dilute solutions. 
With a solution like barium chloride, a dilute solution of which precipitates sul¬ 
phur, it is very easy to have a large percentage excess and therefore the precipi¬ 
tation becomes irreversible very much more rapidly than when sodium chloride 
is the coagulating agent. It seems probable that we shall find the same relations 
for all our suspension colloids, in which case the arbitrary and inaccurate dis¬ 
tinction of an essentially irreversible precipitation will disappear The value of 
this monograph is therefore far-reaching 
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The author considers that colloidal sulphur is essentially insoluble sulphur 
It should therefore be possible, theoretically, to prepare colloidal solutions of 
rhombic and of monoclinic sulphur; but this has not been tried. No reference 
is made to the fact that Raffo’s colloidal sulphur is very sensitive to potassium 
sulphate and not sensitive to sodium sulphate. Wilder D. Bancroft 

Gas Analysis. By L M. Dennis. jqXiJ ’, pp. v 434. New York: The 
Macmillan Co., iqtj. Price: $2.10 —In the preface the author states that, “In 
general plan this book follows the last edition of the English translation of Hem- 
pel’s 'Methods of Gas Analysis.’ It was indeed begun with the intention of 
having it serve as a new edition of that work, but the many advances in the field 
of gas analysis during the last fourteen years have necessitated the incorporation 
of much new material and the modifications or excision of many of the older 
methods In view of this fact, a new book has been written.” On comparing 
the two books, it can be seen that about 45 percent of the subject matter is new, 
about 30 percent copied directly from the iCnglish translation of Hempel’s book, 
and about 25 jicrcent rewritten Where the material is cojiied, no reference is 
given to the original work, although a goodly number of references are given 
throughout the book to a large number of sources from which less material is 
taken. About 50 percent of the drawings for the cuts are new The remainder 
of the cuts are taken from the translation of Hempers book The new cuts are 
an improvement over the old ones, but the draftsman has used too much shading. 
A number of the drawings apfiear to have “.skin disease ” In a number of the 
cuts, the apparatus is assembled so that too much unnecessary space is taken up. 

The book, however, as a whole, is better than the translation of Hempel’s 
■original work. It is written up and arranged in better form. The paragraphs 
have headings yirinted in heavy type, so that it is easier to find what one wants. 
It is gratifying to see the Friedrichs’ spiral washing bottle, and tube, given such 
an important place. They can be relied upon to give satisfaction for rapid ab¬ 
sorption, and efficient washing of gases The modifications of the Orsat apparatus 
and the Pettersoii-Palmquist apparatus, arc important The size of the apparatus 
has been markedly decreased. The introduction of the Friedrichs’ spiral washing 
or absorption tubes in the Orsat increases the efficiency and the rapidity of the 
ab.sorption. The capillary dead space is very much decreased. The reagents 
arc also better protected from the air 

The advantages of a number of the suggested forms of apparatus are of ques¬ 
tionable value, however The Pannertz apparatus for specific gravity does 
away with the inconveniences of operation of the Schilling apparatus, but only 
at the expense of accurateness The gas will be subject to the tcmyicrature 
fluctuations of the air, the apparatus not being surrounded with water Also, 
probably the most important objections to this apparatus is the possibility of 
getting water in the capillary at the top. For practical work, the Schilling ap¬ 
paratus is unquestionably the better of the two on account of its “ foolproofness ’’ 

Another piece of apyiaratus suggested is a portalile form of the Hempel ap¬ 
paratus. From the de.scription of this, the apparatus is of questionable value. 
The length of the whole apparatus. Fig. 40, is given as 20 5 cm It can be seen 
that the burette, where the graduations must appear, is only 15 cm long The 
burette holds 50 cc. By calculation it is seen that the internal diameter of the 
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burette must be 2 cm. One centimeter length of the burette must correspond 
to 3 cubic centimeters of the gas. Calibrated in fifths, the scale would almost 
resemble a ** diffraction grating.*' The accuracy would not be greater than one- 
third that of the ordinary apparatus. 

The suggested use of ammoniacal chloride for absorbing carbon monoxide 
is of doubtful value. From experiences of the reviewer with furnace gases con¬ 
taining carbon monoxide, the hydrochloric acid solution of cuprous chloride 
gives much better satisfaction. The chapter on combustion of gases is rather 
vague. It is interesting to note, p. 131, that hydrogen is a hydro-carbon. 

It is true that oxygen 50 percent pure can be absorbed quietly by phosphorus 
but the sticks of the absorbert will melt if the percentage oxygen be greater than 
about 30 percent. 

It is a pity to recommend exposing a gas mixture to daylight, and waiting 
for 12 hours, to eliminate ozone, when the oxyhydrogen gas may be generated 
free from impurities if barium hydroxide be used as electrolyte instead of sul¬ 
phuric acid. 

The modification of the Hempel nitrometer cannot be recommended for 
practical work. There are too many breakable parts. Works interested in the 
use of the nitrometer, generally have simple modifications to suit their si)ecific 
needs, so that there will probably be no wide application of the more complex 
apparatus. 

Attention may be called to useful additions in a number of cases. The gas 
volumeter, and baroscope; apparatus for distillation of mercury; automatic ap¬ 
paratus in flue gas analysis. Junker’s Calorimeter, and the whirling Psychrometer, 
bring the book up to date. 

The book is hard reading, on account of the intimate mixture of general 
discussion and extremely specific instructions as to manipulation. The style 
partakes too much of the ’‘turn stopcock a” variety. The directions for manipu¬ 
lation might be put in smaller print. This would not sacrifice the unity, but 
would make it easier for the analyst, as well as the general reader, to find the de¬ 
sired information. A number of small errors should be corrected in the next 
edition. C. W. Bennett 

General Chemistry. By J. C. Blake 20 X 14 cm; pp. v -f 417^ 

York: The Macmillan Company, IQ13, Price: %i.go net .—In the preface the 
author says: 

*‘The order of presentation of the subject matter differs in so many par¬ 
ticulars from that of any previously published text which has come to my notice 
that a full discussion or attempt at 'ju.stification ’ of all such deviations seems 
futile.. .. Some brief account of the secondary principles which have helped 
to determine he sequence of the work may, perhaps, not be out of place. The 
main chemical thread which runs throughout the work is that of chemical po¬ 
tential. This statement needs no further explanation, as all chemists will know 
that the book represents, therefore, an interpretation of the ‘new’ chemistry 
rather than the 'old.' The method of approach, however, is to a certain ex¬ 
tent unique, based as it is on the data of thermochemistry.... Perhaps the next 
most important principle which has determined the order of presentations, as 
well as the nature of much of the information conveyed, is Mendel6eff*s Law as 
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expressed in the extended periodic arrangement of the elements. This arrange¬ 
ment, as contrasted to the condensed arrangement, represents continuity in the 
chemical and physical properties of the elements from one end of a long series to 
to the other ... . Next in importance is the principle of oxidation and re¬ 

duction and the closely associated problem of the chemistry of hydrogen. The 
treatment of the latter subject alone approaches the polemic, because the con¬ 
dition of the literature of the day seems to demand it.The ionic theory 

in particular has not been introduced in a controversial manner. The law of 
mass action, on the other hand, has not been emphasized from its quantitative 
aspects. Various other laws of physical chemistry have been used rather than 
proved. 

"The position assigned to ‘Organic Chemistry’ and to ‘Applied Chemistry’ 
has been justified by experience. Even this much (or little) organic chemistry 
seems wholly out of place in connection with the inorganic chemistry of carbon; 
whereas the introduction of simple tests of real value (as it is thought) to the 
student whose chemistry ends with this course meets with enthusiastic and uni¬ 
versal favor with the students. 1 have pitted this w^ork against the tedious de¬ 
scriptions of industrial processes usually found in ‘ modern ’ text-books, especially 
those of high school grade, which in my opinion can be of living interest only 
to the chemical or industrial engineer." 

The subject matter is treated under four heads hydrogen and the acid¬ 
forming elements; the base-forming elements and the elements without chemistry; 
organic chemistry; applied chemistry The book is "written primarily for the 
use of the great majority of college students whose formal study of chemistry 
last only one year." On p. 166 there is tlie interesting definition that "molecules 
are the homogeneous particles into which a liquid or solid substance disintegrates 
when it passes into the gaseous state or into (true) solution” The reviewer does 
not agree with paragraph on p 191 "The stage of oxidation represented by 
lead oxide is about the only one requiring any further attention, as it is the only 
one which gives any common salts For this reason it is usually siK^kcn of as 
lead oxide simply, and its salts as the lead salts Thus PbCU is called lead chloride 
and not plumbus or plumbic chloride. Indeed it would be wrong to name it 
either of these, to make it plumbous chloride would be to imply that PbCb is 
plumbic chloride whereas it is merely a chemical curiosity, called lead tetra¬ 
chloride (compare SiCb) ; to name it plumbic chloride would imply that there is 
a plumbous chloride, whereas, in reality, while there may be a suboxide of lead, 
having the formula PbjO, yet it gives rise to no (plumbous) salts and is seldom 
called plumbous oxide." Wilder D Bancroft 

Outlines of Theoretical Chemistry. By Frederick H. Getman. 21 X 15 cm; 
pp. vii -f New York: John Wiley & Sons, jqij Price: $3 50 net. —In 

the preface it is stated that; 

"The present book is designed to meet the requirements of classes beginning 
the study of theoretical and physical chemistry . . . Contributions to our 

knowledge in the domain of physical chemistry have increased with such rapidity 
within recent years that the prospective author of a general text-book finds him¬ 
self confronted with the vexing problem of what to omit rather than what to 
include.The attempt has been made to present the more difficult por- 
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tions of the subject, such as the osmotic theory of solutions, the laws of equili¬ 
brium, and chemical action, and the principles of electrochemistry in a clear and 
logical manner." 

" The book, then takes up fundamental principles; the electron theory; con¬ 
sideration of gases, liquids, and solids; solutions; thermochemistry; chemical 
statics and d3mamics; electrochemistry; and actinochemistry. The treatment 
is approximately the same as that of the standard works. There is not much 
unity in this treatment. No chapter seems to follow from any other. The whole 
thing seems to be written up as a series of separate departments or chapters.. 
The work is a disappointment in that it has failed to present the reviewer's idea 
of what is needed in a physical chemistry. It is brief. If any criticism is made 
it would be that the treatment is too brief. No system appears upon which the 
treatment is founded, the reviewer’s idea being that some connection should 
be shown between one chapter and another, or the arrangement should be such 
that the work would be incomplete without every part of the book. This cer¬ 
tainly is not shown here. The book contains some things that other physical 
chemistries do not have, but on the other hand, it omits certain other important 
phases of the subject. It is not as good as some other books which have been 
written on the subject. There seem, therefore, to be very few reasons for the 
appearance of this book. C. W, Bennett 

Cyanamid. By Edward J. Franke. 23 X 16 cm; pp. Hi + jj2. Easton: 
The Chemical Publishing Co., 1913. Price: —This book is intended as a 

review of the present knowledge of cyanamid from a chemical and an agricultural 
standpoint. It is the purpose of the author to bring a review of the literature- 
on cyanamid to those who do not have library facilities, etc., for looking this up. 
The use and general metliod of preparation are considered, although no details^ 
of the commercial production are given. Methods of analysis and the effect 
of storage on the product are considered in some detail. A good portion of the 
book is taken up-with the agricultural phase of the subject, specially with the 
reaction which is supposed to take place in the soil. The decomposition is sup¬ 
posed to take place in three stages; the calcium cyanamid being first hydrolyzed 
by the moisture in the soil with the formation of cyanamid. The cyanamid is 
further hydrolyzed to urea which then goes down to ammonium salts. The ve¬ 
locity of these reactions is gre.atest when the ratio of the soil solutions to the soil 
is least; when the surface of the soil exposed to the liquid is therefore greatest, 

’ Colloid substances, such as hydrated manganese and iron oxides, and some of the 
zeolites, are the important agents in the decomposition of cyanamid. This, 
is shown because the soil loses the power of decomposition when the colloids ore 
precipitated. The hydrolysis is not dependent on microdrganisms becau.se it 
is most rapid in solutions where the concentration is great enough to preclude the 
possibility of life. It goes on also in sterile media. If the media is not sterile, 
the decomposition goes down to ammonium salts. It is concluded that cyanamid 
is not toxic to plants unless large amounts are added to the soil. The book is. 
closed with a chapter on mixed fertilizers, where cyanamid of course is an impor¬ 
tant addition. 

The book is a disappointment in that it deals practically completely with 
theoretical material and gives us very little concerning the practical side of the 
subject. C, W. Bennett 



THE PRODUCTION OF DIRECT PHOTOGRAPHIC 

POSITIVES 


BY G. A. PERLEY, T. J. TWOMEY AND H. A. ROBINSON 

In a previous article* the influence of all the variables 
involved in the production of direct photographic positives 
by means of thiocarbamide and a hydroquinone developer 
has been discussed. 

The variables considered in the preliminary study were: 
time of exposure, temperature of development, size of plate, 
amount of thiocarbamide, amount of hydroquinone, amount 
of sodium sulphite, and amount of water. The emulsion 
upon the plate and the source of illumination were considered 
as maintained at a constant value. 

It was found with the above existing conditions that, 
after exposing a photographic plate for a certain definite time, 
a developer of the following concentration gave the best 
positives at i8°C: 0.0030 gram thiocarbamide, 0.0387 gram 
hydroquinone, 0.075 gram sodium carbonate. 0.2907 gram 
sodium sulphite, and 7.8461 grams of water per square inch 
of plate surface. 

The bluish brown color of the positive deposit, the ap¬ 
pearance of a yellowish fog by reflected light, and the necessity 
of a preliminary appearance of a thin negative were the 
chief sources of dissatisfaction with the above conditions. 
It seemed that with a more intimate knowledge of the real 
reactions involved it should be possible to produce direct 
photographic positives unexcelled even by the common 
method of production. The data of the previous paper 
indicated that no single constituent of the above developer 
could be satisfactorily omitted. 

In order to obtain direct photographic positives of ex¬ 
cellent merit and a method of easy manipulation the problem 
resolved itself down to four chief lines of attack: 

* Perley and Ivcighton- Jour. Phys Chera , 17, 235 (i9»3). 
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First, an investigation as to what Substances cause the 
decomposition and resultant color of the positive deposit; 
second, the substitution of another thiocarbamide compound, 
or some similar agent, which will not stain the emulsion; 
third, the elimination of the thin negative, either by a solvent 
after its production, or by the substitution of some other 
material for the hydroquinone, carbonate and sulphite, thus 
preventing its formation; fourth, the production of an emul- 
vSion which is not stained by thiocarbamide. 

The developers used in this work were made up with great 
accuracy. All solutions were measured from burettes into a 
crystallizing dish, which served as a developing tray. A 
developer was used for only one experiment. The following 
standard solutions were employed: 


Hydroquinone 

Ortol 

Pyrogallol 

Metol 

Amidol 

Eikonogen 

Sodium carbonate (anhyd.) 
Sodium sulphite (anhyd.) 
All thiocarbamides 


21 grams per liter. 
30 grams per liter. 
12 grams per liter. 
35 grams per liter. 
2.4 grams per liter. 
40 grams per liter. 
16 grams per liter. 
126 grams per liter. 
2 grams per liter. 


In several of the experiments double strength carbonate and 
sulphite solutions were used in order to maintain a constant 
water content. All of the thiocarbamides were prepared and 
purified by us in the usual manner. 

Intimate and careful observations led to the belief that the 
thiocarbamide must act in some manner as a better solvent 
for the unexposed silver halide complex than for the exposed 
portion, and that in the presence of some one, or all, of the 
constituents of the developer, silver was produced upon the 
unexposed portions. Just so long as there are hydroquinone, 
carbonate, and sulphite present in the developer, with a 
sufficient exposure, a negative must result. The strength 
of the negative naturally depends upon the degree of exposure. 
The method from the standpoint of exposure must necessarily 
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have an upper and lower limit of usefulness. The lower must 
occur when too small an exposure is given to yield a thin 
negative with the hydroquinone present, in other words, where 
such an excess of unexposed silver halide is present that the 
solvent action appears to be uniform over the whole plate. 
The upper limit must exist at that point where an excessive 
exposure produces so much exposed silver halide that there 
is a dense negative masking the silver deposit of the positive 
portion. Our previously published data verify this. 

Since a hydroquinone developer tends to yield a harsh 
negative, it seemed possible to substitute other “reducers” 
such as metol, p5TOgallol, ortol, amidol, eikonogen, etc., and 
possibly produce an extremely thin negative which would be 
especially weak in the high lights. It also seemed probable 
that the “reducer” might have a more or less greater in¬ 
fluence upon the rapidity of reduction of the silver which 
formed the positive image. If such a condition existed it 
would be obtained only by a systematic control. 

The data of the first paper were obtained under a so- 
called constant source of illumination. A mercury vapor 
lamp had been utilized in much of the present work until an 
error was discovered. The voltage fluctuated a great deal, 
with the result that the various exposures were far from con¬ 
stant. It seemed wise to establish a new standard of illumina¬ 
tion. A wooden box with a sliding front was constructed, 
of the following dimensions; 22.5 inches long; 9 inches wide; 
and 13.5 inches high. The interior of the box was painted 
black to prevent any possible reflection of light. A 15 C. P. 
6 volt tungsten lamp was fastened on the interior of the box. 
The lamp was connected to the storage cells through a re¬ 
sistance and all exposures were made at a constant voltage of 
2.5. A lantern slide plate of average density was used as a 
standard view, and this was located 18.5 inches from the bulb 
of the tungsten lamp. All exposures were made by the aid 
of a switch connecting the light to the storage batteries, and 
a stop watch was used to ensure accurate timing. 
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Almost an infinite number of experiments were made be¬ 
fore the adoption of what seemed the very best possible 
positive. A tabulation of the vast amount of data would 
serve no real purpose and accordingly only the final results 
will be given. It might be interesting to note that the results 
were obtained only after several thousand individual experi¬ 
ments upon strips of lantern shde plates of a surface area of 
4.3 square inches. All of the data were also obtained with a 
constant exposure of 8 seconds. The present arrangement 
of the tables was only made possible after it was learned that 
thiocarbamide and carbonate were alone essential to the 
formation of the positive image. The discussion of this 
particular phase comes more logically after a consideration 
of the influence of the various “reducing” agents. 

The Imperial Special lantern slide plates were always 
employed in the work, and the temperature was maintained 
at 20-21® C. 

The data given in Table I represent those as obtained by 
us for the production of the best positive by means of thio¬ 
carbamide atjd various “reducers.” The results are ex¬ 
pressed in units per square inch of plate surface. The figures 
do not represent the minimum quantities of the constituents 
of the developer essential for the production of a positive. 
The tables show the relative concentration of the constituents 
which gave the very best results. It was found that if it was 
desired to produce a full size lantern slide (3.25 X 4) it was 
only necessary to increase each of the constituents ten times 
that given in the table. Such a developer will yield only one 
first-class positive. 

It seemed advisable to maintain the amounts of water 
in each experiment at a constant value. The effect of sulphite 
is such that it may be varied between fairly wide limits, and 
for the sake of comparison, this constituent of the developer 
^as maintained at a constant amount. 
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Table I 

Exposure in seconds 8 

Voltage across tungsten lamp 2.5 

Time of development 2-2 V2 minutes 

Temperature 20- 21° C 

Sodium sulphite 0.234 gram per square inch of 

surface 

Water 9.3 grams per square inch of 

surface 


Concentrations of constituents expressed in grams per 
square inch of plate surface. 



Reducer 

Thtocarb- 

amide 

Sodium 

car¬ 

bonate 

Color of positive 

Hydroquinone 

0.034 

0 0009 

0 037 

Sepia 

Ortol 

0 041 

0 0030 

0.067 

Blue-black 

Pyrogallol 

0.022 

0.0032 

0.089 

Deeper blue-black 

Metol 

0.032 

0 0011 

0.205 

Dark brown 

Amidol 

0 004 

0013 

0.030 

Black with pink stain 

Eikonogen 

0 074 

0 .(X )27 

0 100 

Blue-black 


These data gave us a much better insight into the pro¬ 
duction of positives. It would be impossible to tabulate all 
of the important features, so a brief resume of the results can 
best be considered. 

As far as ease of manipulation is concerned, hydro- 
quinone, ortol, or metol gave results of medium control. 
Amidol consistently gave excellent positives, but they were 
covered with a very disagreeable pink stain. This renders 
the resultant positive useless for either a lantern slide or a 
transparency. Eikonogen gives too uniform a deposit in the 
shadows with a flat positive resulting. Occasionally pyro- 
gallol would give a deposit of fair merit, yet the manipulation 
involved is disagreeable and tiring. 

Of the six “reducing” agents examined it would seem that 
either metol or hydroquinone is best adapted to the process. 
The chief differences between the various “reducers” could be 
classified under staining power, color of deposit, and ease of 
manipulation. 
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There were some features which were a)mmon to the six 
systems. In each case a small increase in the amount of thio- 
carbamide caused a rapid fogging of the plate, while a decrease 
in the concentration of thiocarbamide always yielded positives 
badly masked in the high lights by a thin negative. An in¬ 
crease in the concentration of carbonate always led to the 
production of a very dense blue positive with an excessive 
amount of negative in the high lights. A decrease in car¬ 
bonate yielded anything from yellow and red stained positives 
to a thin negative. It was very interesting to note that, 
commencing with an excess of carbonate, a continued de¬ 
crease of this substance in any series always caused the re¬ 
sultant color effect to pass through the yellowish brown, to 
the yellow, and then to pink and red. A very meager ex¬ 
amination of these plates would indicate that there is a wide 
difference in the size of the particles. The red deposits were 
so small that an ordinary laboratory microscope was useless 
in the examination, while the blue deposits could be observed 
with ease. 

Too small a quantity of the “reducers” yielded fogged 
plates, while an excess always gave for the most part a nega¬ 
tive. The sulphite in each case could be varied through a 
much wider range' than the other constituents. Too small 
or too large amounts always resulted in the production of 
positives masked in the high lights with a negative. 

When the quantity of water was too small, or in other 
words, when the total concentration was increased, a negative 
resulted. With too great dilution a fogged plate was obtained. 
The effect of temperature seemed to be very nearly the same 
in all cases. Too low a temperature of development always 
retarded the formation of the positive, with a negative as the 
result, while an excessive temperature produced a badly 
fogged plate. 

It would thus seem as if the r 61 e of the “reducer” was 
chiefly in the slight reduction of the latent image, and that 
the formation of the positive was independent of any one 



Direct Photographic Positives 


191 


particular type of “reducer.” It is most certain that the 
presence of the “reducer” has some effect upon the color 
of the positive deposit, yet this influence might be one due 
to the nature of the medium. 

Since the previous study had led us to believe that one 
of the essentials for the production of positives was the pres¬ 
ence of some solvent for the unexposed silver halide complex, 
it seemed important to study the effect of various substituted 
thiocarbamides. A long series of experiments were conducted 
very similar to those which led to the acceptance of the data 
presented in Table I, with the exception that allyl thiocarb- 
amide was suljstituted for the simple thiocarbamide. Again 
a very interesting set of results was obtained. The best data 
are presented in Table II. 

T.ablb II 


Exposure in .seconds 
Voltage across tungsten lamp 
Time of development 
Temperature 
Sodium .sulphite 

Water 


8 

2 5 

2-2' 2 minutes 
20-21° C 

o 234 grams per square inch of 
.surface 

9 3 gr.sms jier square inch of 

surface 


Concentration of constituents expressed in grams per 
square inch of plate surface. 



Reducer 

Allyl thio -1 
Ciirbamide j 

Sodium 

car¬ 

bonate 

Color of deposit 

Hydroquinone 

0 034 

0.0014 j 

0 011 

Red 

Ortol 

0,041 

0.0018 i 

0 042 

Purple-brown 

l^yrogallol 

0 022 

0.0023 j 

0.033 

Yellow with stain 

Metol 

0,032 

0.0037 j 

0.052 

Reddish brown 

Amidol 

1 .004 

O.CX)27 j 

0.022 

Blue-black with stain 

Eikonogen 

0 074 

0 cx>55 i 

0.052 

Bluish purple 


Not only was it evident that the “reducer" has a great 
influence upon the color of the positive deposit, but it was 
equally true that the thiocarbamide compound was of still 
greater importance. 
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From the viewpoint of ease of manipulation, it can be 
stated that after using allyl thiocarbamide any one familiar 
with the control of the simple thiocarbamide would forever 
dread to return to the use of the simple salt. A much wider 
range of variation of the constituents of the developer was 
afforded with the use of allyl thiocarbamide than with the 
simple substance. An extremely slight variation of the con¬ 
centration of thiocarbamide was always sure to 3deld an ex¬ 
ceedingly poor positive, irrespective of the type of “reducer.” 
In every case where the allyl compound was used it gave far 
superior control to the corresponding thiocarbamide results of 
Table I. 

The observation had been made in a few cases of Table I 
that the positive deposit altered in color as it dried. In 
Table II this fact became more evident. After washing the 
plate from the development with allyl thiocarbamide and 
hydroquinone and fixing, the color of the deposit was some¬ 
what of a yellowish brown. When dried the deposit was red. 
In the case of allyl thiocarbamide and metol the deposit was 
deep red when wet, and it dried to a reddish brown. With 
allyl thiocarbamide and eikonogen the wet deposit was nearly 
black, while it dried to a most beautiful bluish purple. This 
color change was practically always the same, whether a rapid 
or a slow drying was utilized, or whether the plate dried in the 
dark or in bright light. 

Another manipulative difference between the simple 
substance and the allyl thiocarbamide was in the susceptibility 
to surface stains. With thiocarbamide an uneven immersion 
in the developer, or a failure to keep the developer in constant 
motion, always resulted in spotted and irregular stains. This 
particular featime seemed to be practically absent in the 
work which resulted in the data of Table II. In either table 
the emulsion side of the plate could not be handled with moist 
fingers before or after exposing without the fact being in great 
evidence. 

As in the data of Table I we found the control of the 
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pyrogallol and allyl thiocarbamide developer rather un¬ 
pleasant. It was interesting to note that every possible 
combination yielded yellow stained plates. The use of amidol 
and allyl thiocarbamide produced stained inferior plates. 

The use of allyl thiocarbamide with either hydroquinone, 
inetol, or eikonogen was nearly all that could be desired. 
There was but little danger of the masking negative which was 
so much in evidence wath the working of the simple sub¬ 
stance. 

The direct production of transparencies of a red color or 
of a blui.sh purple can be controlled most readily by the use 
of either the hydroquinone, or the eikonogen and allyl thio¬ 
carbamide developer as given in Table II. 

Again, as in Table I, we found many features in common 
to all of the .systems thus far studied. The effect of an excess 
or too small quantity of the “reducer,” sodium carbonate, 
.sodium sulphite, the thiocarbamide compound, or water was 
perfectly analogous to that observed and given in the prexious 
consideration of Table I, As has been noted, there was a 
greater opportunity for variation of the constituents in the 
use of allyl thiocarbamide developers, yet an excessive varia¬ 
tion gave the same final results as in the systems of Table 1 . 

Since the influence of the allyl thiocarbamide had been a 
factor towards improvement, it seemed of interest to learn 
something concerning the effect of the ethyl compound. 
Another endless series of experiments similar to those which 
led to the data of Tables I and II wras undertaken. The best 
final data are given in Table III. 

Table III 

Exposure in seconds 8 

Voltage across tungsten lamp 2.5 

Time of development 2-2 ‘/j minutes 

Temperature 20-21° C 

Sodium sulphite 0.234 gram per square inch of 

surface 

9.3 grams per square inch of 
surface 


Water 
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Concentration of constituents expressed in grams per 
square inch of plate surface. 



Reducer 

Ethyl 

thiocarb¬ 

amide 

Sodium 

car¬ 

bonate 

Color of deposit 

Hydroquinone 

0.034 

0.0116 

0.037 

Reddish piuple 

Ortol 

0.041 

0.0116 

0.077 

Blue-brown 

Pyrogallol 

0.022 

0.0069 

0.100 

Red with red stain 

Metol 

0.032 

0.0037 

0.100 

Red 

Amidol 

0.004 

0.0046 

0.033 

1 Blue-black with pink 

Eikonogen 

0.074 

0.0069 

0.026 ' 

1 stain 

1 Blue 


The use of ethyl thiocarbamide in the production of direct 
photographic positives is exceedingly similar to that of the 
allyl compound. Hydroquinone, metol, and eikonogen de¬ 
velopers work exceedingly well. The ethyl compound per¬ 
mits even greater range of variation than the allyl thio¬ 
carbamide. Amidol gives badly stained plates, while pyro- 
gallol gives a beautiful positive deposit of a red color, yet a red 
stain makes it almost useless. Ortol gives a positive of fair 
quality. The metol-ethyl thiocarbamide developer of Table 
III gives exceedingly fine positives. With this particular 
developer only a mere trace of a negative is produced, and the 
masking action is neghgible. The differences between the 
action of ethyl thiocarbamide and thiocarbamide are prac¬ 
tically the same as those between allyl thiocarbamide and the 
simple substance. Since the same description applies to this 
series as to that of Table II, it seems unnecessary to repeat 
it in full. 

The important facts dealing with the data of Table III 
are that the ethyl thiocarbamide yields a positive deposit of 
different colors from either of the corresponding series with 
thiocarbamide and allyl thiocarbamide. The data on the in¬ 
fluence of the other constituents of the developers are per¬ 
fectly analogous to that of the thiocarbamide and the allyl 
compound. The manipulation is far easier than that of the 
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thiocarbamide developer. The colors of some of the positive 
deposits altered during drying. 

It seemed advisable to make another series using tetra 
thiocarbamide ammonium bromide in place of the thio¬ 
carbamide. Frary^ has suggested the usefulness of this de¬ 
veloper under the right conditions. The best data are given 
in Table IV. 

Table IV 


Exposure in seconds 
Voltage across tungsten lamp 
Time of development 
Temperature 
Sodium sulphite 

Water 


8 

2.5 

2-2^j2 minutes 
20-21° C 

0.234 gram per square inch of 
surface 

9.3 grams per square inch of 
surface 


Concentration of constituents expreSvSed in grams per 
square inch of plate surface. 


Tetra thio- 



Kedua*r 

amnioniuin 

bromide 

Hydroquinone 

0.034 

0.0011 ! 

Ortol 

0 041 

O.OOS 4 ; 

Pyrogallol 

0.022 

0.0046 ! 

Metol 

0.032 

0.0032 1 

Amidol 

0,004 

0.0018 i 

Eikonogen 

0.074 

0,0012 1 


Sodium , 
sulphite ‘ 


Color of deposit 


0.30 I Sepia-brown 
0.078 Yellowish brown 
0.068 i Blue 
o 205 Blue-black 
o 033 Black witli pink stain 
o 089 Blue-black 


The data of Table IV represents the results of a great 
many experiments. The tetra thiocarbamide ammonium 
bromide bears an exceedingly close analogy to the simple 
thiocarbamide. With but few exceptions the colors for the 
best of each member of the series as given in Table IV were 
decidedly similar to those given in Table I. This compound 
is fully as difficult to manipulate as the simple salt. In view 
of the results obtained with the allyl and ethyl compounds, the 
bad features of the tetra thiocarbamide ammonium bromide 


* Frary : Jour. Phys. Chem., 17, 33 (ipu)* 
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developers would not give it application in the production of 
transparencies. 

The same results were obtained with this compound as 
with the thiocarbamide under the influence of varying con¬ 
centrations of the other constituents of the developer. Hydro- 
quinone and metol gave the most readily controlled results. 
The deposit with amidol was of fair quality and the best of 
any of the amidol series. The pink stain is the drawback. 

There are twenty-four different types of developers con¬ 
sidered in the first four tables of this article, and each developer 
is capable of giving a positive of a more or less good quality 
under the conditions as outlined. There is a very wide range 
of colors in the resultant positives. The reds and blues 
predominate. It is interesting to note that all of the hydro- 
quinone series gave sepia-brown to red coloration, all of the 
eikonogen series gave some shade of blue, the ortol series gave 
colors ranging from yellowish brown to a bluish black, the 
amidol deposits were chiefly black, covered with a pink stain, 
while pyrogallol yielded all sorts of colors from red, through the 
yellows, to a blue. 

In all cases the influence of the “reducer” upon the for¬ 
mation of the positive seemed to be the same. The function 
of the thiocarbamide is an important one, while the influence 
of the carbonate is nearly as great. 

All of our data pointed to the fact that the chief rdles 
of the “reducer” and sodium sulphite were in developing the 
latent image. In all cases the formation of the final positive 
passed through the Same stages. After a few seconds develop¬ 
ment, a thin negative always seemed to appear; this came, 
on an average, after 15-20 seconds immersion; after this, the 
plate passed through a stage of thin fogging, and then came the 
building up of the positive deposit; the commencement of the 
formation of the positive is between 45 seconds and 1V4 
minutes after immersion. 

The allyl thiocarbamide-hydroquinone and the allyl 
thiocarbamide-eikonogen developers of Table II, the ethyl 
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thiocarbamide-metol and the ethyl thiocarbamide-eikonogen 
developers of Table III showed but minimum traces of a 
negative during the development. In the case of the ethyl 
thiocarbamide-metol developer of Table III, it seemed as if 
the positive image was the only one to develop. These four 
types of developers would seem to be applicable to the pro¬ 
duction of blue or red transparencies with good success. 

The effect of sodium sulphite seemed to be dependent 
upon the type of reducer’* employed. In any of the series 
of the previous four tables it is possible to obtain positives in 
the absence of sodium sulphite. In the absence of sodium 
sulphite, an entirely different ratio of carbonate to the thio- 
carbamide must be employed in order to obtain a positive. 
The omission of sodium sulphite in the hydroquinone, pyro- 
gallol, and eikonogen series was investigated mth greater 
detail than in the others. With pyrogallol-allyl thiocarbamide 
and eikonogen-allyl thiocarbamide without sulphite* a very 
good positive could be obtained of but slightly different color 
from that in tlie prCvSence of sulphite. The omission of sul¬ 
phite in the hydroquinone-allyl thiocarbamide developer 
yielded a pure black positive wdth a mottled effect. This 
positive was a great deal inferior to that obtained in the 
presence of sulphite. The best concentrations employed are 
given in Table V. 

Table; V 

Exposure in seconds 8 

Voltage across tungsten lamp 2 5 
Temperature 20 21® C 

Sodium sulphite o 

Water 9.3 grams per square inch of surface 

Concentrations of constituents expressed in grams per 
square inch of plate surface. 

Allyl , Sodium 

Reducer I thiocarb- : car- Positive deposit 

> amide ; bouate 

Hydroquinone 0.019 ’ 0,0014 | 0.067 Poor, mottled black 

Eikonogen 0.074 j 0.0050 0.071 Good, blue 

Pyrogallol 0.022 | 0.0023 0,055 Good, yellow stained 

! ! positive 
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It is quite evident from the data of Table V that in the 
case of the hydroquinone-allyl thiocarbamide developer the 
influence of sulphite upon the deposition of the positive image 
is great. In the other cases the effect is practically negligible. 

In the previous paper* we had concluded that sodium 
sulphite was essential for the production of a positive. It 
will be observed in each case in the absence of sulphite it re¬ 
quires a far greater amount of sodium carbonate than with 
sulphite present (see Table II for comparison). The reason 
for our failure to obtain positives in the first paper, in the 
absence of sulphite, was due to an insufficient quantity of 
sodium carbonate. 

Another series of experiments was made to determine the 
effect of the addition of varying quantities of sodiiun sulphite 
upon the allyl-thiocarbamide-hydroquinone developer of 
Table V. 

The results are given in Table VI. 

Table VI 

Exposure in seconds 8 

Voltage across tungsten lamp 2.5 
Temperature 20-21° C 

Sodium carbonate 0.067 gram per square inch of 

surface 

Water • 9.3 grams per square inch of 

surface 


Concentrations of constituents expressed in grams per 
square inch of plate surface. 


Hydro- 

Allyl 

thiocarb¬ 

quinone 

amide 

" " 1 

0.019 

0.0014 

0.019 

; 0.0014 

0.019 

0.0014 

0.019 

0.0014 ’ 

0.019 ' 

0.0014 1 


Sodium 
sulphite ; 


o. 117 
0.586 
1.172 
*•758 


Result 


Mottled black positive. 

Negative flashes up, and fogs at once. 
Yellow fogged positive. 

Brown less fogged positive. 

Red purple positive of good quality. 


The data of Table VI would indicate that possibly sodium 


‘ Perley and l.eighton: Jour. Phys. Giem., 17, 235 (1913). 
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sulphite has a double r 61 e in this particular developer. A 
portion of it aids in the formation of the positive deposit. 
The variation of color from black, to yellow, and then to red 
by increasing the amounts, shows that it is an influential 
medium at least. When present in large amounts it acts as a 
very efficient restrainer for the positive. From the present 
available data upon this restraining action depends the success 
of the beautiful allyl thiocarbamide-hydroquinone developer. 

The thiocarbamide compound and the sodium carbonate 
seemed to be the important factors in the formation of the 
positive. A very close relationship between the concentra¬ 
tions of these two substances seemed ever to be in existence. 
It was possible to maintain the content of water, “reducer” 
and sodium sulphite at a constant value and produce positives 
of good quality with different quantities of carbonate and 
thiocarbamide. However, unless the definite ratio of car¬ 
bonate to thiocarbamide as given in the preceding four tables 
was always maintained, a poor product would result. In 
other words, with all of the constituents maintained constant, 
any increase in thiocarbamide over that given in any of the 
four tables must be accompanied by a corresponding increase 
of carbonate. Otherwise failure will result. 

It seemed wise to determine whether a positive could be 
produced in the absence of carbonate and the data of I'able 
VII were obtained. 

Table VII 

Exposure in seconds 8 

Voltage across tungsten lamp 2.5 
Temperature 20-21 ° C 

Sodium carbtmate o 

Water 9-3 grams per square incli of surface 

Concentrations of constituents expressed in grams per 
square inch of plate surface. 

Allyl c™ 4 i,im 
Reducer I 

H3rdroquinone 0.034 0.0014 0.351 1 Blim-ed, d^p blue positive. 
Hydroquinone 0.034 0.0014 0.234 Thin negative. 
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It was necessary to develop the best plate nearly five 
titnps as long as those in which the carbonate was present. 
The positive was of a very beautiful blue color, and if it were 
not for the fact that a haze remained over the surface, a fine 
transparency could be produced by this method. The chief 
difference in the composition of the developer lies in the con¬ 
centration of sodium sulphite. It was observed that in the 
absence of carbonate a much larger quantity of sulphite was 
required than when carbonate was present (see data of Table 
II). 

From the data of Tables V, VI, and VII the problem be¬ 
came most interesting. Using allyl thiocarbaraide and a 
hydroquinone developer it is possible to obtain positives in 
the absence of either the sulphite, or the carbonate. When 
one is absent- a much larger amount of the other must be 
present. 

Thus, it seemed quite probable that the alkalinity of the 
carbonate or sulphite had a great influence upon the action 
of the thiocarbamides. Using the allyl thiocarbamide-hydro- 
quinone developer of Table II, a solution of sodium hydroxide 
was substituted for the sodium carbonate, with the best 
results given in Table VIII. 

Table VIII 


Exposure in seconds 
Voltage across tungsten lamp 
Time of development 
Temperature 
Sodium sulphite 

Water 


8 

2-5 

2-2V* minutes 
20-21° C 

0.234 gram per square inch of 
surface 

9.3 grams per square inch of 

surface. 


Concentration of constituents expressed in grams per 
square inch of plate surface. 


Hydro- Allyl thio- 
qumone carbamide 


Sodium 

hydroxide 


0.0014 


Result 

! 

I_ _ 


0.034 


0.0026 ! Excellent positive of purple color. 
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The positive resulting was one of the best obtained in all 
•of the experiments. It was easily controlled. • The influences 
of the various constituents of the developer were perfectly 
analogous to the corresponding series of Table II in which 
carbonate was used. It is to be noted that for a given content 
of hydroquinone, allyl thiocarbamide and water, in the ab¬ 
sence of the other two agents, it rccjuircs only a small quantity 
of sodium hydroxide, a larger amount of sodium carbonate, 
and a much greater quantity of sodium sulphite to produce 
positives of good quality. In the first i)art of this paper it 
was suggested that thiocarbamide acted as a better solvent 
for the unexposed sih er halide complex than for the exposed 
portion, and in the presence of some of the constituents of the 
developer silver was again reduced from the dissolved portion 
of the complex. Such a theory was not in evidence in the 
beginning, yet each experiment made a step in advance 
towards accepting such a conclusion. 

Valenta* has determined the solubility of the silver 
halides in some of the thiocarbamides. In the case of silver 
bromide, his data show that the solubility in thiocarbamide 
is far greater than in the allyl compound. This gave us 
hope in our attempts to explain the difference in rapidity of 
action and ease of control between the thiocarbamide and the 
allyl thiocarbamide developers. 

UTien we undertook this work we w'ere unable to find any 
data concerning the relative solubility of silver bromide in the 
thiocarbamides when unexposed and when exposed to light. 
We were aware of the fact that even these data would not 
solve our problem. In dealing with a photographic emulsion, 
we have found that test tube experiments with a silver halide, 

' Valenta: Monatsheft fiir Chemie, i$, 250 (1894). 

’ NoTB.—A fter the completion of this paper it was called to our attention 
that Dr. C. E. K. Mees had worked on the thiocarbamides several years ago 
<Brit. Jour. Photography. 56, 729 (1909))- He found that the unexposed silver 
bromide is much more soluble in thiocarbamide than the exposed, since the 
solubility of silver bromide in thiocarbamide decreases very rapidly in the pres¬ 
ence of traces of soluble bromide. 
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precipitated in the dark, most often give analogous results 
to the same reaction when applied to the emulsion upon the 
plate; yet there are decided differences in solubility, porosity, 
etc., between silver halides precipitated in test tubes, and the 
silver halide, gelatine, and water complex of the photographic 
emulsion. 

Bancroft* calls to our attention the fact that the unex¬ 
posed silver bromide of a plate is dissolved more rapidly than 
the exposed portion by such substances as sodium thiosul¬ 
phate, ammonium hydroxide, potassium cyanide, and ammo¬ 
nium bromide. 

We made the broad assumption that such a state of affairs 
existed in the case of thiocarbamides. 

If such a condition exists our data explain most readily a 
portion of the reasons for the formation of the positives by 
thiocarbamides. The various colors, and the easy control 
of such, indicated to us the possible formation of colloidal 
silver. Unfortunately, we have not been able to study these 
deposits with sufficient accuracy to give their physical prop¬ 
erties. 

The combination of “reducer,” carbonate, and sulphite, 
at first serve to develop the latent image. The density of the 
resultant negative depends upon the concentration of these 
three constituents together with the degree of exposure. 
In all of our experiments at a constant exposure the final data 
which gave the best results, after correcting for any error due 
to the thiocarbamide, should represent the relative reducing 
power of the various so-called developers. The carbonate 
also serves to open the pores of the gelatine, and causes a 
more rapid reaction. While the reduction of the latent 
image is taking place, the dilute solution of thiocarbamide 
tends to dissolve the unexposed emulsion complex more 
rapidly than the exposed portions. The solvent action takes 
place with extreme slowness, and as rapidly as the complex 

‘ Bancroft: Jour. Phys. Chem., 15, 313 (1911). 
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is dissolved it is reduced by some substance to colloidal silver. 
“The deposition of silver upon the unexposed portions of the 
plate necessarily results, and a positive image is produced. 

From a study of our data it would seem as if something 
other than the carbonate, sulphite, or “reducer” aided in the 
formation of the positive. It will be remembered that a 
positive results in the absence of carbonate and also in the 
absence of sulphite. However, when both are absent a blank 
plate results. In the absence of a “reducer,” a heavily fogged 
plate always results. The color of this resultant plate is per¬ 
fectly analogous to the color of the shaded portions of the ex¬ 
posed plate in the corresponding series with the “reducer” 
present. The problem narrows itself down to the fact that 
not only must the thiocarbamides act as better solvents for 
the unexposed than for the ex}x)sed emulsion complex, but 
in the presence of sodium carbonate, sodium sulphite, or 
sodium hydroxide, in other words, when alkaline, it acts as a 
“reducing” agent. It seems as if the alkaline thiocarbamides 
must reduce the dissolved silver complex to silver. The colors 
of the resultant silver would indicate that it was present in 
colloidal form. 

It was most interesting to observ^c how readily the re¬ 
sults could be checked in test tube experiments. Some 
unexposed photographic plates were immersed in the dilute 
solution (2 grams per liter) of thiocarbamide. The resultant 
solution was poured into four test tubes. To one, was added 
some of the hydroquinone solution, and nothing happened. 
To another, some of the sodium sulphite solution was added, 
and a clouding effect took place throughout the solution. 
To a third, .sodium carbonate was added, and immediately 
a heavy dark precipitate was thrown down. It required 
several hours for this precipitate to settle. The addition of 
sodium hydroxide to a fourth gave the same results as when 
sodium carbonate was used. 

In the case of the test tube experiments a very rapid 
precipitation occurred. This impressed us with the fact that 
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when the reaction was applied to the photographic plate 
directly, the gelatine of the emulsion must really play a fairly 
important r 61 e. It becomes evident that it must greatly 
impede the diffusion of the dissolved silver complex, and as a 
result, permit the reduction to take place almost at the exact 
point of solution. 

Rathke* has observed that thiocarbamide can reduce 
metallic salts from a higher to a lower stage. He found that 
it acts upon cupric sulphate to form cuprous sulphate momen¬ 
tarily. It would not be amiss to believe that n our particular 
problem we had the thiocarbamide acting a double r 61 e. 

If our assumptions are not false, it is easy to see why 
various substituted thiocarbamides should give results of 
varying control. There must naturally be differences in solu¬ 
bility of the silver complex in these salts. The thiocarbamide 
which acts slowest as a solvent upon the silver emulsion 
complex, but which shows the widest distinction between the 
exposed and unexposed portions, and when alkaline, is the 
best “reducer,” will be the most applicable to the production 
of direct positives. 

It is also perfectly obvious why various brands of plates, 
as well as different emulsions of the same brand of plate, 
should give different results. Since all of our work was carried 
out on the same emulsion of one brand of plates, it makes our 
data at least comparative. Various emulsions of the same 
grade will yield plates of different porosities. Each brand of 
plate will have a different ratio of iodide to bromide, and, 
of course, this will give an entirely different relative solubility. 

Valenta® has shown that the following solubility relations 
exist. 


Grams of halide per loo grams Ag solution of concentration lo : loo 
Salt solution 


Thiocarbamide 

Thiosinamine 


AgBr 

I Agl 

1 

AgCl 

1.87 

i 0.79 

1 0.83 

0.72 1 

0.09 

i 3.90 


1 Rathke: Ber. chem. Ges. Berlin, 17, 297 (1884). 

* Valenta: Moaatsheft ftir Chemie, 15, 250 (1894). 
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Up to the present time, we can claim that, for the partic¬ 
ular plate employed, our results are only comparative. 
Yet with a systematic study, such results serv^e admirably 
to show the real mechanism of the reaction. 

Any combination of developers should give a good positive 
in the presence of a suitable thiocarbamide, provided the 
solution is sufficiently alkaline, and the concentrations of the 
constituents are so adjusted that only a very slight negativ^e 
wall be produced during the time that it requires the thio¬ 
carbamide to dissolve the unexposed complex, and reduce 
it to colloidal silver. 

The thiocarbamide which will be most efficient, and the 
easiest of control, must exhibit the greatest difference in 
solubility towards exposed and unexposed silver emulsions. 
With compounds where only small differences towards solu¬ 
bility exist, it will be necessary to give far greater exposures, 
as under such conditions the deposition of silver would tend 
to be uniform over the whole plate. All of our data indicate 
that this is the fault with the simple thiocarbamide, as well 
as w th the tetra thiocarbamide ammonium bromide upon our 
partiailar brand of plate. 

Upon the basis of this theory, that “reducing” agent 
which tends to develop the high lights more rapidly than the 
shadows should always tend to give a better positive than the 
“reducer” which gives a more uniform development. Too 
high a concentration of “reducer” should always produce 
positives masked by excessive negative, wdiile insufficient 
quantities of "reducer” should yield fogged plates. All of 
our data satisfy these requisites. 

A eareful consideration of oiu- data points conclusively 
to the fact that the above explanation for the production of 
positives by thiocarbamide is, at least, logical. If this theory 
is correct, it should be applied to other solvents of unexposed 
silver emulsions. 

Since it has been shown* that ammonia dissolves the im- 
fiancroft; Jour. Phys. Chem., 1$, 513 
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exposed silver complex of an emulsion more rapidly than the 
exposed portions, it should be possible to produce positives 
with ammonia and a “reducing” agent. In the light of the 
best test tube experiments upon the thiocarbamides it seemed 
possible to save time by determining what substances would 
precipitate silver from the dilute ammoniacal solutions. An 
unexposed plate was immersed in dilute ammonia. The 
resultant solution was separately treated with sodium sul¬ 
phite, and sodium carbonate, but no apparent action took 
place. Hydroquinone gave a yellow discoloration, while 
metol and p5TOgallol gave decidedly dark discoloration. The 
experiments gave results of an entirely different appearance 
from those with carbonate and thiocarbamide. The pre¬ 
cipitates obtained by the thiocarbamide-carbonate reaction 
were of fair density, while in the case of the metol-ammonia 
combination the precipitates took place slowly, and presented 
more of an appearance of a heavy fog. It seemed as if the 
presence of sulphite increased the rate of precipitation. In 
spite of the limitations noted in the experiments, it seemed best 
to make a few experiments. 

Kogelmann* found that a metol developer containing a 
good deal of ammonia gave positives. In the absence of com¬ 
plete data we endeavored to determine how far this method 
was applicable. 

A dilute ammonia solution was prepared by diluting lo 
cc of concentrated ammonia, sp. gr. 0.90, to a liter. 

A great many experiments were made, and very poor re¬ 
sults were obtained. The best data which will give positives 
of poor quality are given in Table IX. These represent 
the best data available up to the present time. It does not 
give as good results as are possible, and the study of this is 
being continued. 


* Kogelmann: Eder’s “Handbuch der Photographic,’’ 5th Ed., 31, 114 
(1902); cf. Bancroft: Jour. Phys. Chem., 13, 547 (1909). 
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Tabi,e IX 


Exposure in seconds 

Voltage across tungsten lamp 

Temperature 

Time of development 

Water 

Sodium carbonate 


8 

2-5 

20- 21° C 
5 minutes 

6.9 grams per square inch of 

surface 

o 150 gram per square inch of 
surface 


Concentrations of constituents expressed in grams per 
square inch of plate surface. 


Metol 


Sodium Sodium 

sulphite carbonate 


Results 


0.0024 O 476 


0 ,150 A poor blue-black positive. 


In this preliminary study positives were obtained in the 
absence of carbonate of nearly as good quality as those from 
the best concentration given in Table IX. 

The test tube experiments would indicate that in this 
particular type of developer the metol plays a double r 61 e. 
It not only serves as a “reducing” agent in the production 
of the negative, but it also reduces the dissolved unexposed 
silver complex as fast as it forms. 

A great many positives have been produced by the de¬ 
veloper, or a slight modification, as given in Table IX, yet 
their production is a great uncertainty. 

We have not been able to make a thorough systematic 
study of this system as yet, but it is important to note that the 
nature of the positive deposit is most analogous to those 
obtained by the thiocarbamides. 

In the absence of available data we have briefly studied 
the production of positives by means of the amines. In this 
case, preliminary test tube experiments were made. In the 
test tube experiments the carbonate and sulphite alone were 
without any instantaneous effect. Hydroquinone gave a 
heavy discoloration, and in the presence of sulphite a distinct 
precipitation took place. 
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In view of these facts, and with our observations that 
positives of fair quality could be produced with ammonia 
we have made a preliminary study of this class of solvents. 
It has been possible to obtain positives of very fair quality 
by means of either methyl or ethyl amine and a hydroquinone 
developer. In these two cases, from the test tube experi¬ 
ments, it would seem as if the active constituents were the 
amines and hydroquinone. The best data obtained thus far 
are given in Table X. 

Table X 


Exposure in seconds 

Voltage across tungsten lamp 

Temperature 

Time of development 

Water 

Sodium carbonate 


8 

2.5 

20-21 ® C 
5 minutes 

9.2 grams per square inch 

stulace 

0.118 gram per square inch 
surface 


of 

of 


Concentration of constituents expressed in grams per 
square inch of plate surface. 


Amine 


Hydro- Sodium 
quinone sulphite 


Results 


Methyl ; 0.0108 0.0048 0.521 , Poor, greenish black positives 
Ethyl 0.0144 0.0048 0.489 Thin, brown-black positive 


The manipulation of the methyl or ethyl amine-hydro- 
quinone developers were as difficult, and gave as imcertain 
results as the ammonia-metol developer. The color of the 
deposits were quite different from those of the ammonia- 
metol combination. Any criticism of one justly belongs to 
the other. In each case, there is the existing tendency towards 
the development of a masking negative. The negative seems 
to act as a screen in preventing the deposition of the positive 
image. When the content of “reducer” is decreased below a 
certain limit an effort to eliminate the excessive negative 
must be exercised with great care to prevent the formation 
of a heavy fog. With sufficient care, it is possible to produce 
positives of fair quality with the amines. 
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In all of the experiments with ammonia and the amines 
it seemed as if the cause for such poor results is due to the fact 
that there is but a slight difference in the relative solubilities 
of the unexposed and of the exposed silver complex. Under 
such conditions, the manipulative control would be exceed¬ 
ingly difficult. 

It is very possible that some type of “reducing” agent 
other than those heretofore employed will give far superior 
results. 

A. Guebhard* found that positives could be obtained by 
developing underexposed plates, at 8° C, very slowly, in a 
developer of the following composition: 3 grams of anhydrous 
sodium sulphite, i gram of pyrogallol, 3 grams of sodium 
carbonate in one liter of water. In this work a development 
of several hours was required. 

It seemed quite probable that he was dealing, possibly 
to a certain degree, with a phenomenon exceedingly similar 
to the action as previously outlined. In this case the sul¬ 
phite undoubtedly plays the rAle of solvent. Although we 
have not had time to study this type of solvent-developer 
we have obtained fogged, partial positives after ten minutes 
development, by using a much larger amount of sodium 
sulphite than given in the above Guebhard develoj>cr The 
progress of this work has not been sufficient to warrant further 
mention. 

Prom our work with the thiocarbamides in particular, 
and with ammonia and the amines, it seems possible to be able 
to produce direct j)hotographic positives of excellent character, 
with ease of manijmlation, when the correct solvent is dis¬ 
covered. 

Summary 

I. A systematic study has been made of the influence of 
hydroquinone, ortol, pyrogallol, metol, amidol, and eikonogen 
in the production of direct photographic positives in combina- 


‘ Guebhard; Eder’s "Jahrbuch der Photographie,” 19, .^88 (1905). 
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tion with thiocarbamide, sodium sulphite, sodium carbonate, 
and water. 

2. The chief rdle of the so-called “reducer” in this type 
of developer seems to be in a slight reduction of the latent 
image in order only to create a great difference between the 
exposed, and unexposed portions of the plate. 

3. The “reducer” influences the resultant color of the 
positive deposit. 

4. Many of the positive deposits alter in color during 
drying. 

5. The influence of such substituted thiocarbamides as 
the allyl, ethyl, and tetra thiocarbamide ammonium bromide 
has been studied in developers containing each one of the 
above-mentioned “reducers.” 

6. The type of thiocarbamide exerts a great influence 
upon the ease of manipulation and final quality of the positive. 

7. The allyl and ethyl compounds are greatly superior 
to the tetra thiocarbamide ammonium bromide and the 
simple salt, when used with this particular grade of plate. 

8. Allyl thiocarbamide in combination with a hydro- 
quinone or eikonogen developer, or ethyl thiocarbamide in a 
metol or eikonogen developer, )deld exceedingly fine positives. 

9. A developer maintained at 20-21° C, of the following 
relative concentration, was found to give excellent positives: 
0.032 gram metol, 0.0037 gram ethyl thiocarbamide, 0.100 
gram sodium carbonate, 0.234 gram sodium sulphite, and 
9.3 grams of water. A red to a reddish brown positive re¬ 
sults. 

10. For the average thiocarbamide developer a fairly 
close relationship between the exposure and concentration 
of the constituents of the developer must be maintained in 
order to avoid the excessive production of a negative. 

n. In the twenty-four different types of developers con¬ 
sidered, the ultimate influence of excessive amounts of each 
of the constituents was the same. The differences were 
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merely relative, and of a variation in the color of the deposit. 
The reds and blues were the predominating colors. 

12. Sodium sulphite is not absolutely essential to the 
production of a positive by means of thiocarbamide, but it 
improves the quality of the deposit by a restraining action. 

13. A blurred positive of a beautiful color is obtained 
with an allyl thiocarbamide-hydroquinone developer in the 
absence of sodium carbonate and a much longer time is re¬ 
quired for its production. 

14. Sodium hydroxide can be used to good advantage in 
place of the carbonate in the allyl thiocarbamide-hydro¬ 
quinone developer. 

15. To account for the production of positives by thio¬ 
carbamide developers, the assumption has been made that the 
unexposed silver complex of the emulsion is much more 
soluble than the exposed portion. Thiocarbamides in alkaline 
solutions tend to reduce that portion of the soluble complex 
to colloidal silver. The resultant color depends upon the 
condition and rate of reduction. The concentration of the 
constituents of the developer must be so adjusted that the 
solvent action and reduction occur at the same time, and 
before an excessive negative can be developed. The gelatine 
favors this action by preventing hasty diffusion, while the 
carbonate presumably aids in opening up the pores of the 
gelatine, and dense positives result. 

16. All of our data point to the correctness of the above 
assumption. 

17. The most efficient thiocarbamide compound will be 
that in which the greatest difference in solubility of the un¬ 
exposed silver emulsion and the exposed portion is in evi¬ 
dence. 

18. This principle applies to the production of direct 
positives by means of an ammonia-metol developer, as well 
as by a methyl or ethyl amine-hydroquinone developer. 
Positives of fair quality were obtained with each of these 
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combinations. These developers presented difficult manip¬ 
ulation. 

19. Some substance must exist which readily dissolves the 
unexposed silver emulsion, and which is without influence 
upon the exposed emulsion. A “reducer” will be found 
which will yield a good deposit of silver under these condi¬ 
tions, without a preliminary production of a negative. Ethyl 
thiocarbamide and metol developer is a step in this direction. 
When the right combination is found direct positives can be 
produced without the least manipulative trouble. 

Chemical Department, 

New Hampshire College 



FLAME REACTIONS. I 


BY WILDER D. BANCROIfT AND HARRY B. WEISER 

The Dissociation of Luminescent Gases 

In 1861 Kirchhoff and Bunsen* wrote that “at the close 
of this memoir we cannot refrain from touching upon a ques¬ 
tion, to which, on some future occasion, we must again recur. 
Among the large number of those salts already examined by 
us, which, owing to their volatility in the flame, render a 
spectrum analysis possible, we have not found, in spite of the 
great variation in the elementary’ bodies combined with the 
metal, a single one which failed to produce the characteristic 
bright lines of the metal. Considering these numerous ob¬ 
servations made under the most widely differing circumstances, 
we might be led to supfwse that in all cases the bright lines 
given out by a body ot'cur quite independently of the other 
elements chemically combined with that body, and that 
therefore the relation of the elements, as regards the spectra 
of their vapors, is exactly the same, whether they are free or 
chemically combined. Yet this supposition is by no means 
founded on fact. We have repeatedly insisted that the 
bright lines in the spectrum of a luminous gas must coincide 
with the absorption lines which this gas produces in a con¬ 
tinuous sjiectrum of a sufficient degree of luminosity. It is 
well known that the absorption lines of iodine vapor cannot be 
produced by hydriodic acid, and that, on the other hand, 
the absorption lines of nitrous acid arc not visible in a me¬ 
chanical mixture of nitrogen and oxygen. There is nothing to 
show why an influence of chemical combination upon the 
absorption lines, similar to that here noticed at low tempera¬ 
tures, should not occur at a white heat. If, however, the 
state of chemical combination alters the absorption lines of a 
luminous gas, it must likewise alter the bright lines of its 
spectrum. 

• Pogg. Ann.. 113, 3*0; Phil Mag.. [4] 22 , 509 (1861). 
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“From these considerations one would conclude that 
in the case of the spectra of two different compounds of the 
same metal, different bright lines may appear; it is however 
possible that the salts which are volatilized in the flame can¬ 
not exist at the temperature of the flame, and are decomposed, 
so that it may be in reality the vapor of the free metal which 
produces the lines; and it would then appear quite possible 
that a chemical compound may produce bright lines differing 
from those produced by its constituent elements.” 

Though Kirchhoff and Bunsen had foreseen the possi¬ 
bility of compounds having characteristic spectra, they did 
not find any actual case of this; but spectra of compounds 
were obtained, however, by Mitscherlich* by introducing into 
the flame mixtures of ammonium chloride with the chloride 
of barium, strontium, calcium, copper or bismuth. The 
spectra of the compounds of copper can very conveniently be 
obtained pure. At high temperatures there appear the lines 
of metallic copper. “Hence at a very high temperature of 
ignition all copper compounds are decomposed into their 
constituents, whereas these compounds remain undecomposed 
at a lower temperature—that, for example, of the hydrogen 
flame. . . . 

“From the’ investigations adduced, it follows, as I have 
already expressed in an earlier paper, that ei'cry compound of 
the first order which is not decomposed, and is heated to a tem¬ 
perature adequate for the production of light, exhibits a spectrum 
peculiar to this compound, and independent oj other circum¬ 
stances. 

“The decomposition of compounds may be caused by the 
flame gases, or even by the high temperature alone, inde¬ 
pendent of the gases: thus, for instance, chloride of bismuth, 
if its solution is used instead of the electrodes in the electrical 
discharge in chlorine, is decomposed by the high temperature 
of the electrical discharge alone. Individual compounds re- 

' Pogg. Ann., 116, 499 (1862); 121, 459; PhU. Mag., I4) 28, 169 (1864). 
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sist even this temperature—as, for instance, bromide of copper 
and iodide of copper, and others, which show the spectrum 
of the metal together with that of the compound. But if, 
instead of the solutions which produce a diminution of tem¬ 
perature by their rapid evaporation, the salts themselves are 
used as solid electrodes, at the then higher temperature most 
salts are decomposed (as, for instance, these copper salts), 
and but few compounds remain undecomposed. 

“With a great number of metals such a decomposition 
takes place even under the temperature at which a luminous 
appearance is observed; hence in this case it lias as yet been 
impossible to observe a direct spectrum of the compounds; 
and therefore a comparison of the spectra of all compounds 
has hitherto been impossible. The metals whose compounds 
are decomposed at such a low temperature, and hence only 
give the spectrum of the metal itself, are potassium, sodium, 
lithium, magnesium, zinc, cadmium, silver, and mercury.” 

“ That in the case of sodium compounds the metal actually 
gives the spectrum. I have shown in the paper already men¬ 
tioned.' In the same paper, by the experiment in which 
when chloride of potassium is brought into a flame with much 
chloride of ammonium no spectrum is perceived, I have shown 
that under certain circumstances metallic compounds of the 
first order, even when volatile, may give no spectra. This 
is confirmed by the fact tliat even the yellow color of the 
sodium flame almost disappears if a flame containing sodium 
is brought over strongly volatilizing sal-ammoniac—and further 
by the fact that if any sodium, lithium, or potassium com¬ 
pound is investigated by method 3 (H and CD, not even a 
colored flame, and still less a spectrum is formed. The result 
is similar if compounds of the alkalies are volatilized in burn¬ 
ing sulphuretted hydrogen; it can be distinctly observed that 
the interior core retains its color perfectly if these compounds 
are volatilized in it, but that in the outer core, where the 
sulphur is already bunied, a feeble color is formed.” 


‘ Pogg. Ann., 116, 504 (1^62). 
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Plucker and Hittorf* obtained multiple spectra with- 
gases. What they have to say about nitrogen is especially 
interesting. “Not only is the general character of the two- 
kinds of spectra we obtained when nitrogen was heated in 
our tubes, either by the direct discharge or by the discharge 
of the interposed Leyden jar, quite different, but the difference 
is even so great that the bright lines of one of the spectra do- 
not in the least fall within the brighter part of the bands con¬ 
stituting the other. . . , 

“For a given nitrogen-tube which without the Leyden 
jar gives the spectrum of bands, and by means of the com¬ 
monly used jar the spectrum of bright lines, you may easily 
select a jar of smaller covering, which, if intercalated, ex¬ 
hibits the curious phenomena of two rival spectra disputing 
existence with each other. Sometimes one of the spectra, 
sometimes the other appears; and for moments both are seen 
simultaneously. Especially the brighter lines of the second 
spectrum appear in the blue and violet channeled spaces of the 
first, and, according to the fluctuation of the induced current, 
either suddenly disappear again or subsist for some time, 
and constitute with the added fainter lines the second spec¬ 
trum. . . . 

“By these, and other experiments it is evidently proved 
that ignited nitrogen shows two quite distinct spectra. Each 
bright line of one of these spectra, each of the most subtle 
lines into which, by means of the telescope, the bands of the 
other are resolved, finally depends upon the molecular condi¬ 
tion of the ignited gas, and the corresponding modification 
of the vibrating ether within it. Certainly, in the present 
state of science, we have not the least indication of the con¬ 
nection of the molecular constitution of the gas with the kind 
of light emitted by it; but we may assert with confidence that, 
if one spectrum of a given gas be replaced by quite a different 
one, there must be an analogous change of the constitution 
of the ether, indicating a new arrangement of the gaseous 


Phil. Trans, 155, 1 (1865). 
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molecules. Consequently we must admit either a chemical 
decomposition or an allotropic state of the gas. Conclusions 
derived from the whole series of our researches led us finally 
to reject the first alternative and to adopt the other. 

“The same spectral tube exhibits, in any succession, 
as often as you like, each of the two spectra. You may show 
it in the most striking way by effecting the intercalation 
of the Leyden jar by means of a copper wire immersed in 
mercury. As often as the wire is taken out of the mercury 
we shall have the spectrum of bands; as soon as the com¬ 
munication is restored, the spectrum of bright lines. Hence 
we conclude that the change of the molecular condition of 
nitrogen which takes place if the gas be heated beyond a 
certain temperature by a stronger current, does not per¬ 
manently alter its chemical and physical properties, but that 
the gas, if cooled below the same limit of temperature, returns 
again to its former condition.” 

The authors are evidently using the words “chemical 
decomposition” to mean an irreversible change. It is that 
which they exclude. I'heir conclusion really is that nitrogen 
undergoes a reversible change; there is nothing in the experi¬ 
ments to show whether this change is a dissociation, an allo¬ 
tropic change, or some other change. 

Wtillner' confirms these conclusions. “ Nitrogen can only 
be carried over into the form in which it gives the second 
spectrum by the sudden passage of relatively large amounts of 
electricity, such as occurs in the experiments of Pliicker 
when a Leyden jar is placed in the circuit of the induction 
current or when a Leyden jar is charged by a Holtz machine 
to the discharging point. In the case of nitrogen one may 
therefore speak of an allotropic form‘d which yields the second 
spectrum, which is formed during the sudden discharge of 
large amounts of electricity, and which changes back into the 
ordinary form as soon as the temperature of the gas falls.” 

‘ Pogg. Ann., 13s, 526 (1868). 

• Pluckcr and Hittorf: Phfl. Trans., 155, ii (1865). 
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In a paper published in 1879, Schuster* favors the view 
that changes in the spectrum of a gas indicate molecular 
changes. “ During the first years of spectrum analysis it was 
generally supposed that a continuous spectrum was char¬ 
acteristic either of a solid or of a liquid body; but as our ex¬ 
perimental knowledge gradually increased, it was found that 
the fact of a body being in the solid, liquid or gaseous state, 
only indirectly influenced the order of the spectrum. It was 
believed at first that a chemical comp>ound always showed the 
spectrum of its individual molecules; in other words, that the 
vibrations of the molecules were made up of the vibrations 
of the component atoms. If we accept this theory, then, of 
course, we have only one explanation of the different orders 
of spectra, viz., the influence of one molecule on another. 
According to this view, the state of aggregation of the body 
must be the direct cause of the change in the spectrum. Since 
the work of Mitscherlich, however, it had gradually been 
recognized that a combination of atoms changes entirely the 
spectrum. This change is not slight but fundamental. The 
whole vibrating system seems to have been altered; and there 
is at present, in the majority of cases, no hope that we may 
consider the vibrations of a molecule to be only the slightly 
disturbed vibrations of the atoms. We have now a second 
cause for a change in the different orders of sjjectra. We 
need no more look on a continuous spectrum as a line spec¬ 
trum, disturbed by the shocks of other molecules; but we may 
explain it by the changes which have taken place in the indi¬ 
vidual molecule. 

“According to this view liquid and solid bodies give 
generally continuous spectra, not because they are liquid or 
solid, but because in these states the molecules have a more 
complicated structure than in the gaseous state. Experi¬ 
ment has to decide between the two theories: the theory of 
molecular disturbance and the theory of molecular structure. 


^ Phil. Trans., 170, 37 (1879). 
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I think that the facts are decidedly in favor of the latter 
theory.” 

In a course of lectures before the Royal Institution, 
W. A. Miller' brought out very clearly the prevalent belief 
that luminescent gases are dissociated at sufficiently high 
temperatures. “I shall, therefore, in order to give you some 
idea of the difference between the spectra of the elements 
and their compounds, ask you to look at a photograph rep¬ 
resenting the spectra of certain compound substances. I 
have selected the spectra produced by the compounds of 
copper, because they resist a higher temperature than most 
others without undergoing decomposition, and are conse¬ 
quently among those most easily observed. On this photo¬ 
graph you will SCO a representation of three spectra placed one 
over the other. The upi)ermost is the spectrum of metallic 
copper: the second is the s|x*ctrum of cupric chloride, or the 
compound of copper with chlorine; and the third is that of 
cupric [cuprous?) iodide, or the compound of copper with 
iodine. You will observt' certain lines in the yellow and the 
green, which are pretty constant in them all. In the second 
spectrum, characterized by lines in the blue, we see the effect 
produced by the combination of chlorine with the copper, and 
this is again different from the spectrum of the iodide. W'hen 
Bunsen and Kirchhoff first made their experiments upon the 
volatilization of bodies in the flames upon which they experi¬ 
mented, they concluded that, whatever the temperature em¬ 
ployed, the same spectrum was always produced by the same 
substance. That statement has since, however, been as¬ 
certained not to be absolutely correct. An elementary body 
may be heated through a very wide range of temperature 
without experiencing any change in its spectrum, but at a 
very high temperature new lines not previously observed 
often make their appearance. . . . Lithium offers an example 
of this kind. This metal presents a single characteristic 
line— viz., a brilliant crimson band—which is brought out at 

^ Chem. News, 15, 276, 285 (1867). 
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moderate temperatures; but there is another, a fainter line, 
in the orange, which requires a higher temperature for ite 
development; and, lastly, a very brilliant band in the blue, 
which requires a still higher heat, such as that of the voltaic 
arc. . . . Although in the voltaic arc we have a most intense 
heat, the temperature is not sufficient to cause thallium to 
vibrate in such a way as to produce more than a single line. 
The lithium at the same temperature will acquire the power 
of producing an additional number of vibrations of increased 
frequency, so that we shall have at least three distinct bands— 
a band in the red, a band in the orange, and another in the 
blue. 

“Hitherto I have taken the substances in their metallic 
state, but I wish to show you, in the next place, that if we take 
certain bodies in their compound condition, we may separate 
their constituents from each other in the flame of the voltaic 
arc. For instance, if, instead of taking metallic barium, I 
take a compound of barium with chlorine, and heat that 
strongly in the lamp, the chlorine and the barium at that very 
elevated temperature will be separated from each other; the 
barium will be converted into vapor, and we shall obtain from 
the metal its characteristic series of bands, the chlorine spec¬ 
trum being so faint as to elude our observation under these 
circumstances.... Now I take the carbonate of the same sub¬ 
stance, and this carbonate will at the same temperatme be 
resolved into barium on the one hand, which is the glowing 
gas from which that spectrum was produced, and into other 
bodies which give out comparatively little light, and which 
therefore occasion no interference with the results. The 
spectrum is not quite so bright as the last, for the reason that 
the carbonate is not a body which is so completely and easily 
volatilizable as the chloride. The chloride is a substance 
which, like most chlorides, is readily volatilized by a moderate 
heaT The carbonate is a body which, at a high temperature, 
becomes decomposed. It gives off its carbonic acid and 
produces baryta, and that baryta, in the focus of heat which 
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we have here, is undergoing decomposition. Its oxygen is 
being separated from it just as when oxide of mercury is 
moderately heated in a spirit flame, we can separate that into 
its components —mercury on the one hand, and oxygen on 
the other. So it is here with baryta: in the intense heat 
of the voltaic arc, the barium and the oxygen are becoming 
separated from each other. . . . 

“ Before I quit this part of our subject, I wish to show you 
that in particular cases the same gas may give two different 
spectra. If you send an electric spark through one of these 
exhausted tubes of nitrogen at a low temperature, you will 
obtain a spectrum of a particular kind ; but the same gas will 
exhibit at a higher temperature a spectrum which is quite 
different.... These differences are very imiK)rtantwhen viewed 
theoretically, though as yet we have no satisfactory ex¬ 
planation of them. It has been supposed that where two 
spectra occur the bands formed at a low temperature are 
produced by a substance which is really different from that 
which gives rise to the bands which are given out by what 
appears to be the same body at an intense heat. It has been 
conjectured, though it is by no means proved, that substances 
which, like nitrogen, give two different spectra, are not ele¬ 
mentary bodies, but that at the high temperature they are 
actually separated into their components, just as we recently 
separated chlorine from barium and carbonic acid and oxygen 
from the same metal. But this conclusion is by no means 
well established, because it is seen that the moment we cease 
to pass the electric spark, the whole thing is as it was before; 
and if the substance had been decomposed by the intense 
heat, it has been as instantly recomposed on the diminution 
of the temperature.” 

Cooke* is also quite definite in his statements. “At the 
very high temperatures at which alone gases or vapors become 
luminous, compound bodies, as a rule, appear to be decom¬ 
posed, and the elementary atoms dissociated. Hence the 

‘ ‘‘Principles of Chemical Philosophy/' 197 (1881). 
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observations with the spectroscope have been almost entirely 
confined to the spectra of the elementary substances, and our 
knowledge of the spectra of compound substances is ex¬ 
ceedingly limited. In some few cases where the spectrum of a 
compound has been obtained, it has been noticed that, as the 
temperature rises, this spectrum is suddenly resolved into the 
separate spectra of the elements of which the compound 
consists. 

“At a high temperature the metallic atoms of a com¬ 
pound body are far more luminous than those of the other 
elementary atoms with which they are associated. Hence, 
when the vapor of a metallic compound is rendered luminous, 
the light emitted is so exclusively that of the metallic atoms, 
dissociated by the heat, that when examined with the spectro¬ 
scope the spectrum of the metal is alone seen; and this is the 
probable explanation of the fact that the salts of the same 
metal... all show, as a general rule, the same spectrum 
as the metal itself.” 

Hasselberg' postulates dissociation for the case of the two 
hydrogen spectra. He says that if his previous reasoning is 
admitted, “we shall be obliged to assume such a dissociation 
as the explanation of the displacement of a spectrum by a new 
one with rise of temperature, and must therefore ascribe the 
first spectrum [of hydrogen] to a more complicated arrange¬ 
ment of molecules or to a compound of the body with itself. 
Since, according to the investigations of Wiedemann,* in the 
case of hydrogen a continual ri.se in temperature produces 
first a gradual diminution of the spectrum above described, 
and then upon reaching a certain limit its almost sudden 
disappearance, these considerations lead us to the view pro¬ 
posed as a second alternative by Angstrom, according to 
which the spectrum belongs to a compound of hydrogen with 
itself. The heat-equivalent found by Wiedemann for the 
quantity of energy necessary to transform this spectrum into 

» PhU. Mag., [5] 17, 351 (1884). 

* Wied. Ann., lo, 202 (1880). 
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that consisting of the three characteristic bright lines, would 
therefore be nothing else than the thermal equivalent of the 
corresponding work of dissociation. 

“If the views thus explained of the spectroscopic condi¬ 
tions of hydrogen are regarded as justified by facts, we have 
an easy explanation of the fact that in the spectra of the sun 
and most stars only the characteristic lines of this gas appear 
as bright lines or absorption lines, as the case may be, while 
no trace of the second spectrum is to be detected. The 
reason is to be found in the enormous temperatures existing 
in these bodies." 

Lockyer' of course believes that dissociation occurs 
in the flame and in the spark. 

“I have observed that whether the spectra of iodides, 
bromides, etc., be observed in the flame or weak spark, in 
air, the spectrum is in the main the same, as maintained by 
Kirchhoff and Bunsen; but that this is not the spectrum 
of the metal is established by the facts, that with a hrw tempera¬ 
ture only the lon^e.')l Une.s at the melah aie present, showing 
tliat only a small quantity of the simple metal is present as a 
result of partial dissociation, and that by increasing the tem¬ 
perature, and consequently the amount of dissociation, the 
other lines of the metals appear in the order of theit length with 
each rise of temperature. 

“I have convinced myself that this is the spectrum of the 
oxide, because in air, after the first application of heat, the 
spectra and metallic lines arc in the main the same, while in 
hydrogen the spectra are different for each compound, and 
true metallic lines are represented according to the volatility of 
the compound, only the very longest lines being visible in the 
spectrum of the least volatile compound. . . . 

“The heat required to act upon a compound, so as to 
render its spectrum visible, dissociates the compound accord¬ 
ing to its volatility; the number of true metallic lines which 


^ Phil. Trims., 163, 650 (1873). 
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thus appear is a measure of the dissociation; and as the metal 
lines increase in number, the compound bands thin out." 

Lockyer apparently assumes, as a matter of course, that 
the spectrum in hydrogen must be the spectrum of the metal. 
This conclusion has not always been accepted. Basquin* 
studied the spectra of aluminum, copper, magnesium, silver, 
sodium, tin, and zinc in hydrogen and says that “with the 
exception of tin, every metal thus far examined in the rotating 
metallic arc in hydrogen gives a characteristic set of spectrum 
lines which are not found in the arc in air. Inasmuch as com¬ 
pounds of hydrogen with some metals are known, I have, in 
lieu of a better hypothesis, supposed that these lines are due 
to such compounds formed in the arc.” Hartley* comments 
on this to the effect that “sodium hydride cannot exist in a 
state of vapor; it readily undergoes dissociation, which com¬ 
mences at 200° and is complete at 422°, under barometric 
pressure; the bands, therefore, are not due to sodium hydride.” 

The special case of magnesium in hydrogen was studied 
by Liveing and Dewar.* “We have been careful to ascribe 
this line [at 5210] and its attendant series to a mixture of 
magnesium and hydrogen rather than to a chemical com¬ 
pound, because this expresses the facts, and we have not yet 
obtained any independent evidence of any chemical com¬ 
pound of those elements. We have independent evidence 
that mixtures which are not probably chemical compounds 
favor the production of certain vibrations which are not so 
strong or are not seen at all when the elements of those mixtures 
are taken separately. The remarkable absorptions produced 
by mixtures of magnesium with potassium and sodium above 
mentioned belong to this class. We have not been able to 
obtain the emission spectra corresponding to these absorptions, 
but in the course of our observations on the arc we have fre¬ 
quently noticed that certain lines of metals present in the 

^ Proc. Am. Acad., 37, 166 (1901). 

2 Proc. Roy. Soc., 79A, 244 (1907). 

3 Ibid., 27, 495 (1878); 30, 96 (1880). 
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crucible are only seen or come out with especial brilliance 
when some other metal is introduced. This is the case with 
some groups of calcium lines which are not seen, or barely 
visible, in the arc in a lime crucible, and come out with great 
brilliance on the introduction of a fragment of iron, but are 
not developed by other metals such as tin.” 

In a later paper Liveing and Dewar' made a series of 
observations of the magnesium spark in hydrogen at pressures 
above that of the atmosphere, using no Leyden jar. “It 
appears that the compound which had been formed in large 
quantity by the spark without jar at higher pressures, is only 
gradually decomposed, and not reformed by the high tem¬ 
perature of the spark with jar. This experiment, which was 
several times repeated, is conclusive against the suppo.sition 
that the flutings are merely due to a lower temperature.” 
Hence it was concluded that “the series of lines beginning at 
wave length 5210 are due to a combination of hydrogen with 
magnesium, and are not dependent solely upon the tempera¬ 
ture.” 

These phenomena have also been studied by Fowler,^ 
who says that “since then the spectrum in question has been 
generally known as that of ‘magnesium hydride,’ and as no 
sufficient reason has appeared for assigning a different origin, 
this designation has been retained in the present paper. .. All 
the experiments accordingly tend to show that magnesium 
and hydrogen are together concerned in the production of the 
flutings, and the simplest supposition is that they originate 
in the combination magnesium hydride. Assuming such 
combination of the two elements, it appears to take place 
directly xmder the influence of the arc, especially at low 
pressures, or of some forms of the spark discharge, or by the 
combustion of the metal in an atmosphere containing hydrogen 
either free or in combination. 

“One of the chief objections to the above explanation 

^ Proc. Roy. Soc., 32, 198 (1881). 

2 Phil. Trans., 209A) 450 (1909). 
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of the flutings is that, although the spectrum may be easily 
produced, the compound itself has not yet been clearly rec¬ 
ognized by chemists. Winkler' possibly obtained it as part 
of a mixture resulting from heating magnesium with the oxide 
in an atmosphere of hydrogen, but no other chemical evi¬ 
dence of the existence of the compound has been brought 
forward. Further evidence has been sought by an analy.sis 
of the deposit formed by the passage of the arc in hydrogen. 
This consisted in part of thin spherical shells of magnesium, 
and partly of a fine black or dark gray powder, probably mixed 
as a rule, with a small proportion of magnesium oxide. The 
analysis of this deposit was kindly undertaken by Prof. Tilden, 
who reports that the volume of hydrogen given off on dis¬ 
solving the sample supplied was always less than the amount 
calculated on the supposition that it was pure magnesium, 
and that there was no evidence of a hydride. This was, per¬ 
haps, only to be expected from the observation that there was 
no appreciable absorption of hydrogen during the passage 
of the arc, but there was the possibility that such absorption 
might be partly counterbalanced by the liberation of hydrogen 
from the heated poles. 

“In explanation of the spectroscopic observations, on the 
hypothesis that the flutings are produced by magnesium 
hydride, it may be supposed that a very small quantity of the 
compound is competent to produce a brilliant spectrum. 
The compound would not be unique in this respect, as the 
cyanogen flutings are ordinarily well developed in experi¬ 
ments on carbon compounds even if only a very small trace of 
nitrogen be present. Or it may be, as suggested by Mr. 
Brooks, that the compound is in most experiments decom¬ 
posed as quickly as it is formed. A perfectly definite con¬ 
clusion does not at present seem to be possible.” 

Dufour® points out that the gas in a Geissler tube is at 

J Ber. cbeni Ges. Berlin, 24, 1973 (1891). 

Ann. Chim. Phys., [8] 9, 431 (1906). 
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low pressure and high temperature,' conditions which are 
favorable to dissociation. He considers that the phenomena, 
shown by Geissler tubes filled with hydrogen, can be ac¬ 
counted for by postulating dissociation along with the theory 
of ions. His theory “leads to the conclusion that hydrogen 
is completely dissociated into atoms in the sun and in those 
stars which do not show the first spectrum of hydrogen.” 

MendeleefT^ believes that free metallic vajiors occur in 
flame spectra; but he seems to attribute the formation of the 
metals to the reducing action of the flame gases. “A high 
temperature forms one of those conditions under which com¬ 
pounds most easily decompose; and therefore if sodium or a 
similar element were a compound, then in all probability it 
would be decomposed into component parts at the high tem¬ 
perature of the sun. This may already be concluded from the 
fact that in ordinary spectroscopic experiments the spectra 
obtained often belong to the metals and not to the compounds 
taken; this depends on the decomposition of these compounds 
in the heat of the flame. If common salt be introduced into 
the flame of a gas-burner, a portion of it is decomposed, first 
forming, in all probability, with water, hydrochloric acid and 
sodium hydroxide, and the latter is then partially decomposed 
by the hydrocarbons, giving metallic sodium, whose in¬ 
candescent vapor emits light of a definite refrangibility. 
This conclusion is arrived at from the following experiments; 
If hydrochloric acid gas be introduced into a flame colored 
by sodium it is observed that the sodium spectrum disap¬ 
pears, owing to the fact that metallic sodium cannot remain 
in the flame in the presence of an excess of hydrochloric acid. 
The same thing takes place on the addition of sal-ammoniac, 
which in the heat of the flame gives hydrochloric acid. If a 
porcelain tube containing sodium chloride (or sodium hy¬ 
droxide or carbonate), and closed at both ends by glass plates, 
be so powerfully heated that the salt volatilizes, then the 

' See, however, Wood: Wied. Ann., 59, 238 (1896). 

2 '‘The Principles of Chemistry,” i, 563 (1891). 
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sodium spectrum is not observable; but if the salt be replaced 
by sodium, then both the bright line and the absorption 
spectra are obtained, according to whether the light emitted 
by the incandescent vapor be observed, or only that which 
passes through the tube. Thus the above spectrum is not 
given by sodium chloride or other sodium compound, but is 
proper to the metal sodium itself. It is the same with other 
analogous metals. The chlorides and other halogen com¬ 
pounds of barium, calcium, copper, etc., give independent 
spectra which differ from those of the metals. If barium 
chloride be introduced into a flame it gives a mixed spectrum 
belonging to metallic barium and barium chloride. If be¬ 
sides barium chloride, hydrochloric acid or sal-ammoniac be 
introduced into the flame, then the spectrum of the metal 
disappears, and that of the chloride remains, which differs 
distinctly from the spectrum of barium fluoride, barium 
bromide, or barium iodide. A certain common resemblance 
and certain common lines are ob,served in the spectra of two 
different compounds of one and the same element obtained 
in the above-described manner, and also in the spectrum of 
the metal, but they all have their peculiarities. The in¬ 
dependent spectra, of the compounds of copper are easily 
observed. Thus certain compounds which exist and are 
luminous at a high temperature give their independent spectra. 
In the majority of cases the spectra of compounds are com¬ 
posed of indistinct luminous lines and complete bright bands, 
while metallic elements generally give a few clearly-defined 
spectral lines. There is no reason for thinking that the 
spectrum of a compound is equal to the sum of the spectra 
of its elements—that is, every compound which is not decom¬ 
posed by heat has its own proper spectrum. This is best proved 
by absorption spectra, which are essentially only reversed 
spectra observed at low temperatures. If every salt of 
sodium, lithium, and potassium gives one and the same 
spectrum, this must be ascribed to the presence in the flame 
of the free metals liberated by the decomposition of their 
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salts. Therefore the phenomena of the spectrum arc determined 
by molecules, and not by atoms--that is, the molecules of the 
metal sodium, and not its atom, produce those forms of vibra¬ 
tions which are expressed in the spectrum of a sodium salt. 
Where there is no free metallic sodium there is no sodium 
spectrum.” 

The preceding quotation might be used to prove that 
Mendel^eff believed in a dissociation by heat alone or that 
he beheved in a reduction by hydrocarbons. Probably he 
considered both factors as coming in at times. Pringsheim' 
comes out definitely in favor of reduction. ‘‘From the.se 
experiments it follows that the glowing of sodium in the flame 
does not take place, as is usually assumed, through the vapor¬ 
ization and dissociation of the salts at high temperatures. 
If this were the case, the same thing must happen when salts 
are heated in the furnace and the sodium salts should show the 
same spectrum in the furnace as in a flame at the same tem¬ 
perature. We must therefore conclude that the luminescence 
of sodium salts in flames is a consequence of chemical actions 
which do not take place when the same salts are merely heated 
in the furnace. 

‘‘What are the chemical actions in the flames? Direct 
oxidation processes are excluded because the salts do not 
emit light when heated in the furnace in air: it must therefore 
be reduction processes which give rise to the light.® As a 
matter of fact we are able to cause the salts in the furnace 
to glow by bringing about these same reduction processes. 
We can do this either with the same reducing agent which is 
effective in the Bunsen flame, namely illuminating gas, or 
with hydrogen, which latter is more convenient owing to the 
greater chemical simplicity. ... By these experiments it is 
proved that the light emitted by sodium salts in flames is caused 
by the reduction of these salts, and that this reduction is brought 
about in the Bunsen flame by the illuminating gas itself.” 

* Wied. Ann., 45, 443 (1892); 49, 363 (1893). 

® See. however, Fredenhagen: Drude’s Ann., 20, 141 (1906). 
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Smithells* finds difficulties in connection with what he 
flails the currently accepted doctrine. ‘ ‘ When a small quantity 

of common salt or other salt of sodium is introduced into the 
flame of a Bunsen burner a yellow flame is produced, which 
is ordinarily ascribed to the vapor of metallic sodium glowing 
in consequence of the high temperature of its surroimdings. 
I'he green-blue flame due to copper chloride tmder the same 
circumstances is attributed to the incandescent vapor of copper 
chloride. With calcium chloride the red flame which is ob¬ 
tained is said to be due to the vapor of calcium chloride and of 
calcium oxide. These may be taken as typical cases. 

“The authority for these views dates back, as is well 
known, from the earliest days of spectrum analysis. One 
or two questions connected with them which are at once obvious 
to the chemist are as a rule passed over in silence. If it be 
asked, for instance, how does sodium vapor become free 
in the flame, what answer is to be given? The usual answer, 
I believe, has been that the salt is dissociated, notwithstanding 
that we have no other evidence of the dissociability of sodium 
chloride at any attainable temperature.^ Another explana¬ 
tion that I have seen, and that only once, is given by 
Mendeleeff in his ‘Principles of Chemistry’ (i, 563). He 
says that the NaCl is acted upon by steam in the flame to pro¬ 
duce NaHO and that this is subsequently reduced by the 
carbonaceous matter of the flame. Again, it may be asked, 
how is it that copper chloride, which is known to lose its 
chlorine at quite moderate temperatures, can not only be 
vaporized but be made incandescent in a flame, and in a 
flame too which contains reducing gases. 

“The solution of the difficulties here presented is not so 
obvious that it should be withheld, yet I have been unable, in 
searching the literature of spectrum analysis, to find any 
discussion of these fundamental questions. 

‘ Phil. Mag , [5I 37 > 24.') (1894)- 

* Sir G. G. Stokes informs me that he has never entertained this view, 
but it has certainly been widely expressed. 
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“I propose now to discuss some cases of flame-coloration 
in respect to the chemical reactions by which they arc ac¬ 
companied in the flame. 

“The characteristic yellow flame of sodium with the 
D-line spectrum represents, as is well known, the most easily 
obtainable flame-spectrum. It is yielded by all salts of the 
metal in the flame of coal-gas or hydrogen. It is quenched, 
according to Mitscherlich,* if hydrochloric acid be supplied 
in excess along with the sodium salt, which may be done by 
adding an excess of ammonium chloride to the bead. The 
yellow tint is also, according to Mitscherlich, not yielded 
in the flame of hydrogen burning in chlorine when these gases 
are burnt in an oxy-hydrogen burner. 1 have repeated 
Mitscherlich’s experiments with great care, using the flame 
of hydrogen in chlorine and of chlorine in hydrogen. So 
long as any oxygen remains in the gases the flame shows a 
distinct yellow color when a bead of a sodium salt is intro¬ 
duced into it. As the oxygen is removed by a current of 
purified gas (chlorine or hydrogen) the yellow color fades 
until it is imperceptible to the eye. Viewed with the spectro¬ 
scope the D-line shows a corresponding diminution of in¬ 
tensity, and in entire absence of oxygen, is doubtless ex¬ 
tinguished. As I have only once succeeded in entirely oblitera¬ 
ting it, T do not wish to speak positively. The fact that the 
red line of lithium is easily quenched under .similar conditions 
confirms the belief that the same would be the case with the 
more sensitive sodium, if all traces of oxygen could be re¬ 
moved. 

“It appears to me that the above facts present great 
chemical anomalies and difficulties. If we are to make the 
common assumption that the yellow flame is due to sodium 
vapor, the element must be liberated either by dissociation, 
by heat or reduction. Of dissociation by heat we have no 
independent evidence, and it is gratuitous to suppose that it 
should take place in a coal-gas flame and not in the flame of 

' I'ogg. Ann., 116, 499 (1862J; 121 , 459 (1864). 
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hydrogen burning in chlorine. If the process is one of reduc¬ 
tion we have to go beyond om experimental knowledge to 
suggest an explanation. Thus the liberation of sodium 
from common salt in a hydrogen-flame must be due either to 
the union of hydrogen with chlorine to form hydrochloric 
acid and free sodium, or to the action of steam which forms 
hydrochloric acid and sodium hydrate or oxide, the latter 
being then reduced to the metal by the hydrogen. If it is 
said that hydrogen may decompose salt in the first way at 
high temperature, it must also be remarked that hydrochloric 
acid itself decomposes at high temperatures. If, on the other 
hand, the steam itself is the active agent, it is certainly taking 
a liberty to invoke its presence to act on the salt, and to 
ignore its probable interference with any reduction of the oxide 
or hydrate to be subsequently effected by hydrogen. 

“If we can explain the coloration of a hydrogen flame 
by salt, it will of course be easy to explain it in the case of a 
coal-gas flame. The suppression of the color in a hydrogen- 
chlorine flame can only be explained from the point of view of 
reduction by assuming that the conjoint action of oxygen 
and hydrogen is necessary for the decomposition of the sodium 
chloride, the hydrogen taking the chlorine and the oxygen 
the sodium, the sodium oxide being thereupon reduced by 
hydrogen. 

“The only alternative to the above explanation is, so 
far as I am aware, that indicated by Arrhenius* in his ex¬ 
periments on the electrolytic condition of the heated vapors 
of salts. Arrhenius supposes that when salt is supplied to a 
flame, sodium hydrate is formed by the influence of steam 
and that the hydrate then undergoes partial ionic dissocia¬ 
tion, the liberation of sodium taking place without the inter¬ 
vention of chemical action.^ The process is thus regarded 
as analogous to the dissociation of electrolytes in dilute 

' Wied. Ann., 43, 18 (1891). 

* [There seems to be a tadt assumption that sodium is the same as sodium 
as ion. ] 
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aqueous solution. I cannot attempt to summarize the experi¬ 
mental evidence by which Arrhenius seeks to establish his 
interesting theory: If true, it would certainly remove many 
difficulties which have been met with in attempting to account 
for the phenomena of flame coloration on purely chemical 
grounds.^ 

“With regard to Arrhenius’s view of the matter, I will 
only remark at present that the liberated sodium must sooner 
or later meet with oxygen, and burn. If the yellow light of 
the flame is due to the vibrations of ionic sodium, it would 
seem likely that the light emitted during combustion of the 
sodium, and due presumably to sodium oxide, should be differ¬ 
ent. Now the light from sodium burning in oxygen gives a 
continuous spectrum and it is possible that the faint continuous 
spectrum which accompanies the line spectrum of sodium salts 
heated in a flame may be due to the combustion of the sodium, 
while the line spectrum is due to the mere vibration of the 
sodium ions. 

“I may summarize the views above expressed as follows; 

“i. There is no evidence for, but much against, the sup¬ 
position that sodium salts when introduced into a flame are 
dissociated by heat so as to liberate the metal. 

“2. There is great difficulty in accounting for the re¬ 
duction of the metal by purely chemical processes. 

“3. Arrhenius’s hypothesis of ionic dissociation in flames 
is a chemically acceptable way of accounting for the libera¬ 
tion of sodium when its salts are heated in flames. 

“4. There is no direct and no decisive evidence that the 
sodium spectrum is the direct consequence of the chemical 
action in which the atoms are engaged.” 

^ In addition to those already pointed out 1 may adduce the following: 
when a flame colored by a bead of sodium is viewed against a bright background 
of D-light, it is seen to be surrounded by a black mantle. If this is due to ab¬ 
sorption by free vsodium, then the element must be able to exist in an atmos¬ 
phere of steam and carbon dioxide. This is utterly opposed to our ordinary 
notions of the chemical relations of the substances in question, but would present 
no difficulty from the point of view of Arrhenius. 
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A slightly different point of view is taken by de Watte- 
ville^ as a result of experiments on flame spectra, using a 
Gouy vSprayer. “An inspection of the preceding tables will 
have shown that the lines in the spectra produced under the 
conditions of my experiments are much more numerous than 
is the case when the salt spray is not previously mixed with 
the gases which react to form the flame, but is introduced in 
some other manner. In the latter case it does not really enter 
into that zone of flame where the most intense chemical re¬ 
actions are occurring and where the temperature is most 
elevated. Two different causes might be suggested in order 
to explain this increase in the number of the lines. 

“The flame is divided into two quite distinct portions; 
an inner one which is reducing in its action, and another one 
which is oxidizing on account of the presence of air in excess. 
In the working of the sprayer the metallic salt is forced to 
pass in succession through these two regions, i. e., from the 
reducing region to the oxidizing region. It is possible that, 
during the passage across the boundary separating these two 
regions, there is a period, possibly very short, in which the 
metal, liberated from its combination, exists in the state of 
metallic vapor. The atom is at this moment in the hottest 
portion of the flame, namely, that which surrounds the blue 
inner cone and which is surrounded itself by the external 
portion of the flame. Here it may undergo a breaking-up 
or in any case a modification of its physical or chemical con¬ 
stitution. In support of this view, one might mention the 
great changes produced in all the properties of iron, even in 
the solid state, by variations of temperatme of much smaller 
range than those which occur in the flame. The metallic 
vapor, thus modified, passes in succession through zones of 
the flames of gradually decreasing temperature, and in which 
it exists in other intermediate states which might be called 
‘states of less advanced dissociation.’ . . . 

“It seems to me that a satisfactory explanation of the 


^ Phil. Trans., 204A, 160 (1904). 
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phenomena I have observed may be obtained by considering 
them as the results simply of variations of temperature. Of 
course, it cannot be denied that spectra may be formed by 
other means than a pure and simple elevation of temperature, 
but these methods ultimately reduce themselves to chemical 
transformations and thermal changes. This temperatute 
hypothesis, which accounts in the simplest way for the pro¬ 
duction of the spectra, finds considerable support in the fact 
that the stars give spectra which are similar in their constitu¬ 
tion to those obtained in the laboratory by electrical methods. 
It is difficult to imagine any other but a purely thermal cause 
for the luminosity of stars.” 

Hartley' comes out strongly in favor of the view that the 
free metals are produced in the flames by reduction. 

‘‘It has already been shown that aluminum can be re¬ 
duced from its oxide in the oxyhydrogen flame, that it colors 
the flame and emits the two lines X3967 and X3946. It was 
concluded that bands which have been attributed to the oxide 
are in reality metal bands.- Bands of beryllium and lantha¬ 
num were also reduced from their oxides; the greater volatility 
of metallic beryllium® caused the band spectrum to be photo¬ 
graphed without the lines. 

‘‘I have now arrived at the conviction, from additional 
evidence presently to be adduced, that calcium and strontium 
are also produced in the oxyhydrogen flame by thermal- 
chemical reduction of their oxides and sulfides. 

‘‘The question of the reduction of the oxides of the dyad 
and triad groups is quite different from that of the oxides of 
the alkali metals, because compounds of the latter are not only 
easily volatilized, but it has been proved by St. Claire Devillc 
that, in the manufacture of the alkali metals, the oxides are 
thermochemically dissociated, and then reduced by carbon 
entering into immediate combination with the dissociated 
oxygen.” 

^ Proc. Roy. Soc., 79A, 242 (1907) 

Trans. Roy Dublin Soc. [2,] 7, 346 (1901). 

* This was observed by Pollok in its reduction by the arc. 
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Spectro-chemical Evidence from Anhydrous Flames and De¬ 
hydrated Salts .—“By an anhydrous flame is meant one in which 
water is not a product of combustion. Any salt which yields 
the spectrxim, or imparts the characteristic color of the metal 
to such a flame, is excluded from the view of Arrhenius that 
vaporized salts are first hydrolyzed by water-vapor in the 
flame, that the hydroxides thus formed undergo ionization, 
and the spectra are caused by the metallic cations. Smithells, 
Dawson, and Wilson first applied this test to alkali salts, 
by heating them in the flame of burning cyanogen.^ Lenard 
also has observed that sodium salts color the flame of carbon 
disulphide. The authors aforesaid suggest that a chemical 
reduction takes place and the metal then colors the flame. 
I have extended this inquiry by placing anhydrous salts in 
the flame of carbon monoxide.... On introducing into the flame 
recently ignited carbonates of lithium, sodium, and potas¬ 
sium, even without heating the platinum tube, beautiful spec¬ 
tra were observed, such as are visible in the flame of a Bunsen 
burner. It was very difficult to see the red line of potassium 
about X7660, but the green glow and a group of green lines 
about XsSoo were observed. Experiments were tried in both 
the inner and outer cones, but only when the substance was 
heated at the tip of the inner cone could the group of green 
lines be seen. In this instance it is not reasonable to suppose 
that sufficient water could gain access to the flame to give 
rise to hydrolysis, and, in fact, hydrolysis could not take 
place. 

“The same experiments were repeated with the oxides, 
carbonates, and nitrates of calcimn, strontium, and barium; 
but although the platinum tube was heated to bright redness, 
there was no trace of a spectrum of either bands or lines in 
any case. Calcium, strontium, and barium chlorides, on the 
other hand, showed superb spectra of the chlorides, apparently 
identical with those produced by heating the same salts in a 
coal-gas flame saturated with hydrochloric add. The tern- 


1 Proc. Roy. Soc., 64, 142 (1899). 
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perature of this carbon monoxide flame, which was from 
50 to 75 mm long, is higher than that of a Bunsen burner 
of the same size,* and can raise a larger mass of material to a 
higher temperature.® Here we have evidence that the metals 
of the alkalies behave quite differently from those of the alka¬ 
line earths; calcium, strontium, and barium chlorides are vola¬ 
tile without decomposition, for they fuse and remain clear 
liquids without showing turbidity for as long as is necessary 
to observe their spectra. Inasmuch as they appear to yield 
their own spectra, they behave like calcium fluoride when 
placed in the oxyhydrogen blow-pipe flame, and doubtless 
other similar fluorides and phosphates. The most important 
facts ascertained so far are, first, the alkaline earth oxides are 
not volatile in the carbon monoxide flame, or, if they are, 
they show no spectrum; second, the flame is a powerful re¬ 
ducing one to all oxides with a heat of formation not greater 
than that of zinc oxide, but the oxides in question are not 
reduced; thirdly, the temperature of the flame is higher than 
that of a Bunsen burner, and over a large area it is nearly as 
high as that of the oxyhydrogen flame; fourthly, the chlorides 
arc volatile in an anhydrous flame, but the stability of the 
chlorides in such a flame is somewhat doubtful, as they may 
undergo dissociation. 

“The action of the cyanogen flame is very different from 
that of the flame of carbon monoxide, because cyanogen is a 
very powerful reducing agent. 

“When calcium oxide was introduced on a platinum wire 
into the flame of cyanogen burning in air, there was no action 
low down in the flame, but when the substance was placed 
at the tip of the inner cone, there was a magnificent display 
of the same spectrum as that seen when calcium metal is burnt 
in air, and with no trace of the cyanogen bands. The effect 
on baryta was tested in a similar manner, by making pure 

‘ Jour. Chem. Soc., 63, 844 (1896). 

* Matinum wire 1 /40th mm in thickness can be melted into a globule in 
any part of the flame. 
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barium carbonate into a stiff paste with water, and moulding 
it round a loop of platiniun wire. On placing this in the flame 
at the same point, an equally fine spectrum of barium was ob¬ 
tained. In both instances the spectra were identical with 
those photographed when the same compounds were placed 
in a Mecke burner, but the brilliancy and intensity of the rays 
were greatly increased. Beyond all doubt these spectra 
are the spectra of the metals. 

“The deductions from these facts are, that the lines and 
bands seen in the oxyhydrogen flame are certainly not the 
spectra of the oxides, because if the difference between this 
and the carbon monoxide flame were simply one of tempera¬ 
ture, the emission spectra of oxides and sulphides should be 
quite as easily produced in a carbon monoxide flame as in one 
of hydrogen. Finally, carbon monoxide was burned with 
oxygen in a Deville blow-pipe and still no spectrum of cal¬ 
cium or strontium was seen, except when traces of chloride 
were present. The salts were supported on very thin slips 
of Donegal kyanite. 

“The presence of hydrogen in the flame is, therefore, a 
necessary element in some chemical reaction which leads to 
the reduction of the sulphides or oxides to the metallic state. 
The temperature of these flames, which can melt platinum, 
is sufficient to effect the thermo-chemical dissociation of water- 
vapor, and it is probable that in this lies the cause of the spec¬ 
tra appearing.” 

While discussing the question whether the metals can be 
obtained by the reducing action of the flame gases. Hartley^ 
points out a number of interesting facts. 

“The flames from coal-gas, hydrogen, and carbon mon¬ 
oxide, respectively, when burning in air, have a temperature 
as high as that of the melting point of platinum, 1775° C. 
This temperature exceed-s that of the metallurgical furnaces, 
in which sodium, potassium, cadmium, zinc, and magnesium 
are reduced and distilled on an industrial scale.... 

^ Proc. Roy. Soc., 79A, 255-261 (1907). 
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“An important fact may be observed here, namely, 
that whereas the banded spectrum of potassium is compara¬ 
tively easy to obtain, that of lithium is very difficult, more 
difficult than that of sodium, and even the continuous rays 
are very weak. The same must be said of rubidium, with 
the additional remark that its band sjiectrum has never yet 
been seen.* This, undoubtedly, in part arises from the high 
value for the heat of formation of the oxides of these metals, 
and it is obvious that these particular properties of lithium 
serve to explain why the continuous glow observed by Lenard 
in the case of lithium is weaker than that of either sodium or 
potassium, which led him to remark that it was probably 
a property peculiar to that element. Even rubidium car¬ 
bonate was reduced by mixing with carbon and heating to a 
particularly high temperature (Bunsen), but the greater 
volatility of rubidium compounds may facilitate their disso¬ 
ciation. 

, “It is quite evident, then, that with the fusible and vola¬ 
tile oxides of sodium, potassium, and rubidium, reduction 
can be effected at a temperature not exceeding a white heat 
and probably about 1400° C, certainly below the tempera¬ 
ture of melting platinum, and below the highest tempera¬ 
tures of the coal-gas, the hydrogen, and the carbonic oxide 
flames. 

“Hence I conclude that the banded spectra of lithium, 
sodium, and potassium observed at the temperature of the 
oxyhydrogen flame are the spectra of the metals. . 

“The haloid salts of the metals of the alkaline earths 
are volatile without decomposition in flames supplied with 
the halogen hydrides. They are also volatile without decom¬ 
position in a dry carbonic oxide flame. Here, then, we may 
probably have the spectra of salts and not of metals. In a 
hydrogen or coal-gas flame the salts are hydrolyzed and 
converted into oxides by heat; this is a fact well known.... 

' A note appears on one of my photographs that there are just faint indica¬ 
tions of bands in the strong continuous spectrum 



240 


Wilder D. Bancroft and Harry B. Weiser 


The effect of water vapor in the flame is an endothermic re¬ 
action when the chloride is a solid.... When the chlorides 
are vaporised in the flame, these endothermic values must be 
much less and the reactions are easily reversed, as we know 
by experience when gaseous hydrochloric acid or much ammo¬ 
nium chloride is passed into the flame. We can see clearly 
also why it is that the carbonic oxide flame does not decom¬ 
pose these salts, the heat of combination of the chlorides be¬ 
ing much in excess of that of the oxides, and the reducing 
power of carbonic oxide, which is the converse of the energy 
of formation of carbonic oxide, much less.... 

“We have now to take into consideration the reducing 
power of hydrogen at high temperatures in flame reactions. 
There are two values for the production of gaseous water, 
58.1 Cal and 50.6 Cal, the smaller of which is at a tempera¬ 
ture approaching 2000°, which we may consider to be the 
highest temperature of all flames capable of melting platinum. 
The decreasing value at high temperatures is evidence of the 
dissociation of water-vapor, which we know does occur at the 
temperature of white hot platinum. Now both the above 
values are below that obtained by the combustion of carbon 
monoxide, 68.2 Cal; it is therefore unnecessary to consider a 
coal-gas flame apart from one fed with hydrogen, for many 
of the reduction and dissociation phenomena that can take 
place in the latter may occur in the former. 

“The high temperature tends to the dissociation of other 
oxides than water, and the alkaline earths are most certainly 
volatilized in Deville’s blow-pipe flame, whether they are first 
dissociated or not. Furthermore, reduction processes are 
carried on in the solid material, which have hitherto not been 
suspected, such as the reduction of strontium and barium 
sulphate to sulphides and of beryllia and alumina to the 
state of metal.... 

“The actual energy supplied before alumina is reduced 
by carbon, carbon monoxide, or hydrogen is —82.5 Cal, —62.7 
Cal, or 72-9 Cal, respectively. The carbon monoxide value 
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is thus shown to be less than that in either of the other two 
reactions. It has already been proved/ first, that alumina 
is reduced to the metallic state in the oxyhydrogen flame; 
secondly, that the reduction takes place more easily when 
the alumina is mixed with some dense form of carbon. In 
the first instance, the flame alone supplied hydrogen only as 
the reducing agent, consequently, the energy required for 
every atom of oxygen removed was 72.9 Cal in the form of 
extraneous heat which was necessary not only for initiating 
the process, but also maintaining it. When solid carbon 
was used this was a somewhat higher figure, being 82.5 Cal, 
but this very reduction process with solid carbon would re¬ 
sult in the formation of carbon monoxide which could then 
operate upon another molecule of alumina, which places the 
extreme limits of the energy required for reduction as between 
63 Cal and 82.5 Cal. From this it would appear that any 
reducing process may be carried out in the oxyhydrogen flame by a 
purely chemical action if the extraneous energy required to initiate 
and maintain the action does not exceed"^ 84 S Cal per atom of 
oxygen removed. . . 

“Beryllium is certainly reduced from the oxide by the 
oxyhydrogen flame, and, as far as we know, beryllia is not a 
volatile oxide, nor is it fusible. The reduction must, there¬ 
fore, be the result of a purely chemical action, and it must 
also be of a highly endothermic character, as may be seen from 
the equation following: 

BeO -f U-i = Be -t- H .,0 97.4 Cal. 

“It may be inferred from the evidence afforded by the 
flame spectra, that at these high temperatures the infusible 
and non-volatile metallic oxides are in a peculiarly active 
condition, having absorbed a large amount of energy from the 
flame, so that they are approaching the condition of dissocia¬ 
tion and are, therefore, subject to chemical interactions with 

‘ Hartley and Ramage. Jour. Chem. Soc , 79, 63 (1901). 

’ This is the figure for the heat of formation of zinc oxide, 84.8; the value 
calculated for the reduction of alumina is 82.5 Cal. 
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the reducing gases, which otherwise would have no power 
to reduce them. But in the cases referred to, the reducing 
gas is hydrogen, and in all probability it is not the hydrogen 
supplied to the flame in the molecular condition, but hydro¬ 
gen in the atomic or nascent state, resulting perhaps from the 
dissociation of water, the product of combustion in another 
part of the flame, which carries with it the additional charge of 
energy which enables it to initiate and complete the reduction 
process.” 

The conclusions drawn by Hartley were: 

1. The oxides of calcium, strontium and barium are not 
dissociated by heat alone, because they show no spectrum 
in a carbon monoxide flame. 

2. They are reduced by the combined action of heat and 
hydrogen in the oxyhydrogen flame and by tlie action of cy¬ 
anogen in the cyanogen flame. 

3. The flame coloration is due to the metal, because not 
only is the flame spectrum from lime essentially the same as 
that of the metal calcium, but also the heats of formation of 
CaO, SrO, and BaO have very nearly the same value, and that 
where calcium oxide can be reduced the other oxides could, 
on that account, undergo a similar reduction. Whether the 
compound of strpntium or barium in the flame be a sulphide 
or an oxide, the same spectrum is emitted, but there is some 
uncertainty as to whether the barium sulphide is not con¬ 
verted into oxide by water-vapor in the flame. The explana¬ 
tion given by Lenard, of the flame coloration of the alkali 
salts, appears to be inapplicable to the coloration of the car¬ 
bon monoxide flame by the haloid salts of the alkaline earth 
metals. 

Thermochemical data have a distinct fascination for 
many people; but it is dangerous to play with them when 
dealing with reversible dissociations. The reason that we do 
not get the spectrum of certain metals in the hydrogen- 
chlorine flame is because the dissociation is forced back by 
the hydrochloric acid and not because of any conclusion 
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that one can draw from thermochemical data. Fredenhagen' 
makes a similar mistake in a different way and draws the 
conclusion that people have been studying the spectra of the 
oxides without knowing it. 

“From the preceding compilation we see that all the ele¬ 
ments which have been studied give fundamentally different 
spectra in the Bunsen flame and in the hydrogen-chlorine 
flame. How is this to be reconciled with the view of Kirchhoflf 
and Bunsen that the free metallic vapors are the radiation 
centres for the flame-spectra? Since the hydrogen-chlorine 
flame has about the same temperature as that of the ordinary 
Bunsen flame, there are no marked differences of tempera¬ 
ture between the flames such as might give rise to different 
spectra. One might consider the possibility of the concen¬ 
tration of the free metallic vapors being very much less in 
the hydrogen-chlorine flame than in the Bunsen flame. So 
marked a difference in the dissociation in the two flames is, 
however, very improbable. In fact, one would exjiect the re¬ 
verse state of things with the alkali metals because the chem¬ 
ical properties of the alkali chlorides would make us expect 
them to l)e dissociated considerably more at a given tempera¬ 
ture than the corresponding oxides of the alkali metals. Also, 
comparative measurements of the conductances of hydrogen- 
chlorine and Bunsen flames containing vapors of alkali salts 
show that the dissociations are much the same in the two 
flames. 

“It is apparently not possible, therefore, to reconcile 
the view of Kirchhoflf and Bunsen as to the radiation centres 
for the flame spectra with the preceding experiments. Since 
these experiments show that each element has different spec¬ 
tra in the flames in which it forms different compounds, and 
has the same spectrum in the flames in which it forms the 
same compound - for instance, the oxides in all oxygen flames 
it seems to me that the only possible explanation is that all 


Drude’s Ann., 20, 149 (19^)6) 
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the flame spectra which have been considered are spectra of 
compounds. 

“This point of view does away with a difficulty peculiar 
to the previous conception, namely, that only metals give 
flame spectra, and not metalloids. This new point of view 
also brings about rather radical changes in our conclusions 
as to the spectral evidence for the presence of elements in the 
stars. From the coincidence of lines in the solar spectrum 
with the D-lines, we not only conclude, as before, that sodium 
occurs in the sun; but we must also postulate the .simultaneous 
occurrence of sodium and oxygen.” 

In a recent article Schuster* lays stress on the part played 
by ions. 

“Compounds generally show spectra of resolvable bands, 
and if an elementary body shows a spectrum of the same 
type we are probably justified in assuming it to be due to a 
complex molecule. But that it may be given by the ordinary 
diatomic molecule is exemplified by oxygen, which gives in 
thick layers by absorption one of the typical sets of bands 
which were used by Deslandres and others to investigate the 
laws of distribution of frequencies. These bands appear 
in the solar spectrum as we observe it, but are due to absorp¬ 
tion by the oxygen contained in the atmosphere. 

“If oxygen is rendered luminous by the electric discharge, 
a series of spectra may be made to appear. Under different 
conditions we obtain (a) a continuous spectrum most intense 
in the yellow and green, (b) the spectrum dividing itself into 
two families of series, (c) a spectrum of lines which appears 
when a strong spark passes through oxygen at atmospheric 
pressure, (d) a spectrum of bands seen in the cathode glow. 
We have therefore five distinct spectra of oxygen apart from 
the absorption spectrum of ozone. To explain this great 
variability of spectroscopic effects we may either adopt the 
view that molecular aggregates of semi-stable nature may 
be found in vacuum tubes, or that a molecule may gain or 

^ ‘'Encyclopaedia Britannica/* nth edition, 25, 630 (1911). 
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lose one or more additional electrons and thus form new 
vibrating systems. It seemed that an important guide to 
clear our notions in this direction could be obtained through 
the discovery of J. Stark, who examined the spectra of the so- 
called canal rays. These rays are apparently the trajectories 
of positively charged particles having masses of the order of 
magnitude of the gaseous molecules. Stark discovered that 
in the case of the series spectrum of hydrogen and of other 
similar spectra the lines were displaced, indicating high veloci¬ 
ties; in other cases no displacement could be observed. The 
conclusion seemed natural that the spectra which showed 
the Doppler effect were due to vibratory systems which had an 
excess of positive charge. More detailed examinations of 
the canal rays of J. J. Thomson and others have shown, how¬ 
ever, that they contain both neutral and charged molecules 
in a relative proportion which adjusts itself continuously, 
so that even neutral molecules may partake of the transla- 
tory motion which they gained while carrying a charge. No 
such conclusion can therefore be drawn, as Stark* has more 
recently pointed out, respecting the charge of the molecule 
which emits the observed spectrum. Nevertheless, the sub¬ 
ject is well worth further investigation. 

“Previous to vStark’s experiments, P. Lenard- had con¬ 
cluded that the carriers of certain of the lines of the flame 
spectra are positively charged. He draws a distinction be¬ 
tween the lines of the trunk series to which he assigns neu¬ 
tral carriers, and the lines of the two branch series, the car¬ 
riers of which are electrically charged. The numerical rela¬ 
tions existing between the trunk series and the branch series 
make it somewhat difficult to believe that they belong to 
different vibrating series. But while we should undoubtedly 
hesitate on this ground to adopt Fredenhagen’s® view that the 
two branch series belong to the element itself and the trunk 

' Phy.s. Zeit., 11, 171 (1910)- 

’ Drude’s Ann., 17, 197 (1905). 

“ Phys. Zeit., 8 , 735 (1904). 
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series to a process of oxidation, we cannot press the argument 
against the view of Lenard, because the addition or subtrac¬ 
tion of an electron introduces two vibrating systems which 
are still connected with each other and some numerical rela¬ 
tionship is probable. Whatever ideas we may form on this 
point, the observations of Stark and SiegP have shown that 
there is a Doppler effect, and therefore a positive charge for 
one of the lines of the trunk series of potassium, and E. Dorn^ 
has found the Doppler effect with a number of lines of helium, 
which contain representatives of the trunk series as well 
as of the two branch series. These facts do not countenance 
the view that there is an essential electric difference between 
the vibrating system of the three members of a family of 
series. 

“It is probable, however, that the above observations 
may help to clear up some difficulties in the phenomena pre¬ 
sented by flames. While we have seen that the radiation of 
sodium vapor has an intensity corresponding to that of the 
pure thermal radiation at the temperature of the flame, other 
flames not containing oxygen (c. g., the flame of chlorine in 
hydrogen) do not apparently emit the usual sodium radia¬ 
tion when a sodium salt is placed in them. In the light of our 
present knowledge we should look for the different behavior 
in the peculiarity of the oxygen flame to ionize the metallic 
vapor.” 

Although this review of the subject shows that the consen¬ 
sus of opinion is strongly in favor of the view that the elements 
are set free when salts are introduced into flames, very little 
seems to have been done in the way of testing this belief in 
any other way than spectroscopically. Salet^ precipitated 
sulphur from a hydrogen-air flame. “If the blue color of the 
flame containing a sulphur compound is really due to the 
presence of free sulphur in a portion of the flame where the 

^ Drude’s Ann,, 21, 457 (1906) 

2 Phys. Zeit, 8, 589 (1907). 

■'’Ann. Chim. Phys., [4] 28, 45 (1873). 
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temperature is moderately high, it would be interesting to 
isolate the sulphur and to estimate the temperature at least 
approximately. The isolation of the sulphur can be accom¬ 
plished by introducing into the flame a substance which is 
cold enough to condense the sulphur and hot enough to pre¬ 
vent the condensation of the water formed by the combustion. 
These conditions can be realized by u.sing as a cold body a 
tube of platinum through which passes a very slow current 
of water. The water soon boils in the tube and the tempera¬ 
ture of the latter is thus kept at 100°. If traces of sulphurous 
acid are introduced into the flame, a sheaf of blue light sur¬ 
rounds the tube for a certain distance and, in time, this por¬ 
tion of the tube becomes coated with a film of sulphur. If the 
water is allowed to flow through the platinum tube more 
rapidly, the water vapor, formed in the flame, condenses and 
trickles down the tube. This condensed water contains 
sulphur, which gives it a milky appearance, and sulphuric 
acid which makes it distinctly acid. The sulphuric acid is 
formed even when the sulphur is introduced into the flame as 
hydrogen sulphide. 'I’his should not surprise us 1)ecause the 
ordinary product of the combustion of sulphur, sulphurous 
acid, decomposes at a high temperature into sulphur and 
sulphur trioxide (H. Deville). Also, the outer zone of the 
flame has a very strong oxidizing action, as is well known. 
Water and nitrogen, for instance, oxidize in the outer zone 
to hydrogen and nitric acid. 

“To determine the temperature of the blue portion of 
the chilled sulphurous flame, a very thin piece of platinum 
wire was introduced into the flame. Far from melting, the 
wire scarcely becomes luminous even in otherwi.se complete 
darkness. The colored sulphur vapor is therefore luminous 
at a very low temperature, one at which sodium gives almost 
no light; for if one cools a hydrogen flame colored yellow by 
sodium, the cold body seems to be surrounded by a black 
layer which is thicker than the luminous layer due to sul¬ 
phur. This experiment proves directly that the tempera- 
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ture of the flame scarcely exceeds red heat and, further, that 
above this temperature the sulphur lost its remarkable power 
of emitting light. If one allows the metal, which has served 
as a cold body, to heat up gradually, one notices that the blue 
layer becomes paler and paler, disappearing completely 
when the metal gets above red heat. It is certain that free 
sulphur is still present in the flame for one cannot assume 
that hydrogen sulphide could resist this high temperatme 
without losing its sulphur and yet one cannot detect the 
presence of hydrogen sulphide in the flame. At this tem¬ 
perature sulphm vapor has attained its normal condensation 
and the physical properties of this sulphm differ undoubtedly 
from those of the heavy and absorbing vapors which we 
know.” 

Hodgkinson* states that “a moderate sized sulphur 
flame will deposit sulphur on a cold object in it.” He is 
speaking of the flame of sulphur burning in air and he cites 
this experiment to prove that sulphur volatilizes before it 
burns. Hodgkinson considers that the sulphur deposited 
on the cold object is sulphur which has been volatilized and 
which has not yet been burned. He does not consider the 
possibility of free sulphur coming from sulphur dioxide. 

Smithells^ has shown that carbon is set free in a hydro¬ 
carbon flame. “As it has been repeatedly shown that the 
dark, central part of a luminous flame is a region of no com¬ 
bustion, there only remains now one question for solution— 
how is the carbon separated in the yellow, luminous region? 
It would seem scarcely necessary after a perusal of Kersten’s 
paper* to argue this point at any length. The doctrine that 
the hydrogen of a hydrocarbon burns before the carbon when 
the supply of oxygen is limited is not borne out by any experi¬ 
ments of which I am aware, with the possible exception of 
those of Berthelot and Vieille. * From the fact that the velocity 

^ Chem. NeWvS, 61, 96 (1890). 

* Jour. Chem, Soc., 61, 223 (1892). 

* Jour, prakt. Chem., 84, 290 (1861). 

^ Comptes rendus, 98, 705 (1884). 
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of explosion of hydrocarbons rich in hydrogen approximates 
to that of hydrogen itself, they conclude that the hydrogen 
burns before the carbon. The experiments of Dalton, Kers- 
ten, E. von Meyer, and those recorded in the preceding paper, 
all point to exactly the opposite conclusion, namely, that the 
carbon burns preferentially to the hydrogen. If this conclu¬ 
sion is accepted, we can explain only the separation of carbon 
in a luminous flame as due to a decomposition by heat, whereby 
a given hydrocarbon is split up into carbon and hydrogen, or 
carbon and some more richly hydrogenized hydrocarbons. 
Hydrocarbons are well known to undergo such decomposi¬ 
tions when passed through hot tubes. 

“A very simple experiment, which seems sufficient to 
prove the truth of this view, is made by introducing a cir¬ 
cular loo]) of thin wire into any small gas flame in which the 
luminous part is only slightly developed. The immediate re¬ 
sult is that the luminous part disappears and the flame pre¬ 
sents the simple structure of a non-luminous flame, at the 
same time becoming slightly larger. Now if the flame is 
luminous, because the hydrocarbons in the middle being 
short of oxygen, the hydrogen burns first, the intrusion of the 
wire will block out and still further limit the supply of oxy¬ 
gen, and so either increase the area of luminosity or cause the 
escape of unburned carbon. If, on the other hand, the lumi¬ 
nosity is due to the heat of the external perfectly burned lay¬ 
ers decomposing the hydrocarbons, then the intrusion of the 
wire by tapping the heat should diminish the luminosity, 
and the hydrocarbons which previously gave light should 
pass on until they obtain enough oxygen to burn as those 
hydrocarbons on the exterior of the flame. The flame, therefore, 
would become larger and non-luminous. I'his is exactly what 
happens in the experiment. 

“The above experiment only holds good if the wire con 
ducts heat away at a certain rate. If the flame be relatively 
large, the introduction of the wire may produce an opposite 
effect, for, while checking the separation of carbon (to an ap- 
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predable extent), it will also cool down the carbon which is 
separated and so cause some of it to escape as smoke.” 

In a later and very important paper, Smithells^ shows 
that metallic copper may be isolated from the flame of a Bun¬ 
sen burner to which a salt of copper had been added. “The 
effect of introducing a bead of cupric chloride into a Bunsen 
flame has been carefully described by Lecoq de Boisbaudran.^ 
As already stated, he distinguished four cases, but we need 
only take the first, in which a large quantity of salt is used. 
The salt first melts, and then in a few moments is seen to be 
surrounded by a brilliant patch of yellow, like a piece of ordi¬ 
nary candle flame; the exterior parts of this patch are reddish 
(again resembling carbon luminosity). Outside the yellow 
a bright blue color appears, and outside this the flame is col¬ 
ored green. The yellow luminosity is of short duration, 
the blue lasts longer, but soon the only tint remaining is the 
green. 

“These three effects were so local and distinct that it 
seemed possible to collect the substances to which they were 
due, and this was done by holding in the flame glass or por¬ 
celain basins filled with water. The deposit obtained in this 
way from the yellow part of the flame was red in color, it 
transmitted greenish light, it could be burnished, it dissolved 
in nitric acid with evolution of red fumes, and in fact answered 
in every respect to metallic copper. The yellow luminosity 
observed with a large quantity of cupric chloride in a Bunsen 
flame must, therefore, be attributed to the liberation and in¬ 
candescence of minute particles of solid copper. The deposit 
obtained from the blue part of the flame was of a very pale 
color when freshly formed. On standing, or by breathing 
upon it, the film absorbed moisture and became quite white; 
it answered in all its properties to cuprous chloride contain¬ 
ing a little of the cupric salt. The green part of the flame pro¬ 
duced a deposit which was almost black and corresponded in 

‘ Phil Mag., [5] 39, 127 (1895). 

* Spectres lumineux, 156. 
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appearance and chemical properties to cupric oxide. As the 
film was very thin, the possibility of it having been originally 
cuprous oxide and having subsequently oxidized was not ex¬ 
cluded. 

“From these experiments it is obvious that the three 
distinct color effects noticeable when cupric chloride is intro¬ 
duced into a Bunsen flame corre.sponded to three different 
substances, viz., metallic copper, cuprous chloride, and an 
oxide of copper. It is highly improbable from a chemical 
point of view that cupric chloride when introduced into a 
flame should afford a spectrum. The easy decomposability 
of this salt and the stabiUty of cuprous chloride (which is 
volatilizable without change) would lead one to anticipate 
the decomposition of CuCb into CusCb and CI2 long before 
there could be any question of incandescence. That this is 
the case can be easily seen by holding a bead of cupric chloride 
well above the tip of a small Bunsen flame and supporting 
above it a porcelain basin filled with cold water. Though no 
flame is seen, the salt melts and volatilizes sufficiently to give 
a considerable film on the basin, which, on examination, is 
seen to be almost wholly cuprous chloride 

“The behavior of cupric chloride in the separator admits 
of easy explanation. In the inner cone the average tempera¬ 
ture is extremely high, and the products there generated 
consist largely of carbon monoxide and free hydrogen. The 
cupric chloride will therefore not only lose its chlorine but 
the cuprous chloride, if we suppose it to be formed for a moment, 
will be immediately attacked by the reducing gases and lose 
the remainder of its chlorine. We have, therefore, metallic 
copper, and the average temperature is not sufficient to pro¬ 
duce its characteristic spectrum. The copper and the hydro¬ 
chloric acid resulting from the decomposition of the cupric 
chloride pass upwards. Some of the former is deposited as a 
thin metallic film on the inner walls of the outer tube. The 
rest passes to the outer cone where, at the lower average tem¬ 
perature and in contact with atmospheric oxygen, some 



Wilder D. Bancroft and Harry B, Weiser 


252 

cuprous oxide is formed and gives the green tint and oxide 
spectrum. At the same time some cuprous chloride is formed 
by the hydrochloric acid, and gives the faint traces of the 
chloride spectrum. ’ ’ 

Quite independently of the work of Smithells, we had 
come to the conclusion that it was impossible to account for 
the flame spectra of copper salts without postulating the exist¬ 
ence of free copper in some flames. If that were so, it should 
be possible, theoretically, to precipitate metallic copper on a 
cold object held in the flame. On trying the experiment it 
was found to be quite possible to precipitate copper as a thin, 
bright, metallic mirror from a Bunsen flame into which had 
been fed the vapors of cupric chloride. This experiment 
differs in some respects from that of Smithells. The deposit 
■obtained by vSmithells was not a bright, metallic mirror, though 
it could , be converted into one by burnishing. It was a red 
non-reflecting film. We obtained a similar deposit from the 
yellow portion of the flame and found it to contain copper 
as Smithells says. It is far from being pure copper, however. 
It contains a good deal of undissociated copper salt and of 
red cuprous oxide. Smithells makes no mention of having 
tried to deposit copper as a practically pure metal from the 
hottest portibn of the flame, whereas our experiments show 
that the best results are obtained there. It is quite natural 
that Smithells should not have tried any experiments in the 
hot portion of the flame because he considered the copper to 
be set free by reduction and not as the result of a thermal 
decomposition. 

Since it seemed desirable to prove experimentally that 
other metals could also be precipitated from a flame, the 
work on the specific reactions taking place in the copper flames 
was laid aside temporarily and will be reported on in a later 
paper. 

In the experiments on precipitation from flames a Bunsen 
burner was used for the most part as a source of flame. The 
burner was arranged to give a large flame and the air supply 
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could be regulated so as to give a quiet-burning flame with 
maximum heat. In order to protect the flame from any air 
currents that would interfere with its burning smoothly, 
the lower portion of the flame was surrounded writh an asbes¬ 
tos cylinder about three inches in diameter. A small aper¬ 
ture was cut in this flame protector, through which salts 
could be. introduced into the flame. As a rule, a readily 
volatilizable salt of each metal was taken because a higher 
salt concentration is thus obtained in the flame and a higher 
concentration of free metal in case the flame is hot enough 
to cau.se practically complete decomposition of the salt. In 
most cases the salt was introduced into the flame by means 
of a platinum wire. This is not an ideal method because 
there is likely to be local concentration of the salt on one side 
of the flame and consequently a minimum decomposition. 
With volatile salts such as stannous chloride and mercuric 
chloride, it proved advantageous to introduce the vapors 
into the tube of a Bunsen burner. To do this, a small hole 
was bored in the tube of the Bunsen burner about two inches 
from the top. A hard glass tube of small diameter was 
drawn out to a jet that would fit this hole. Some of the dry 
salt was placed in the glass tube. The tube w'as then heated 
and a very slow current of air passed through it. The fumes 
of the volatilized salt were thus carried into the burner and up 
into the flame. This secures a fairly uniform distribution 
of the salt throughout the flame. It is quite probable that a 
Gouy sprayer would have been an admirable thing to use 
with the other salts; but the Gouy sprayer is not in use in 
the Cornell spectroscopic laboratory and we did not con¬ 
struct one for ourselves until after this work had been fin¬ 
ished. A tube of BerUn porcelain about an inch in diameter 
was found to serve admirably as the cold object on which to 
precipitate the metal. It was kept cooled by passing a rapid 
stream of water through it. 

The general method of procedure was to get the flame 
highly colored with the salt; but a large excess of salt is to be 
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avoided, because the undecomposed salt will then precipi¬ 
tate along with the metal and spoil the mirror. In order to 
get the mirror, the cooled porcelain tube was held for a few 
seconds in the colored flame, whereupon the film was formed. 
In so far as the metal is set free by thermal decomposition, 
one would expect to be able to precipitate metal from any 
portion of the flame which was sufficiently hot. One would 
also expect to get the metal with the least contamination 
by undecomposed salt from the hottest portion of the flame. 
Both predictions were verified. The tube was therefore 
held in the hottest part of the flame, about midway between 
the tips of the inner and the outer cones. 

A detailed account will now be given of the separate 
experiments with copper chloride, cadmium chloride, stannous 
chloride, mercuric chloride, silver nitrate, lead nitrate, bis¬ 
muth nitrate, zinc chloride, arsenic trioxide, antimony tri¬ 
chloride, molybdemun oxide, tungstic oxide, phosphorus tri¬ 
chloride, sodium chloride, potassium chloride, and sulphiu. 

Copper Chloride .—A copper mirror can be obtained 
equally well by starting with cuprous chloride or anhydrous 
cupric chloride. The mirror can be obtained smooth, bright, 
and free from any oxide coating. It is the color of a highly 
polished piece of copper. Around the mirror there is always 
some copper oxide, and this substance is obtained almost ex¬ 
clusively from the cooler portions of the flame. The color of 
the copper oxide is almost black, which can scarcely be due 
to oxidation of cuprous oxide when the flame is cooled locally 
by the cold tube, though cuprous oxide is supposed to be 
the stable oxide at the temperature of the Bunsen flame. 

Cadmium Chloride .—The vapors of cadmium chloride 
decompose readily in the flame and it is a simple matter to 
obtain a beautiful, bright mirror of metallic cadmium. The 
cadmium, set free in the flame, bums again to the oxide im¬ 
parting to the flame the characteristic yellow color which is 
obtained when cadmium burns in oxygen. If the cold tube 
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is held in the outer edge of the flame, the film obtained con¬ 
sists almost entirely of the brownish black oxide. 

Stannous Chloride .—The anhydrous salt decomposes in 
the flame and a mirror of metallic tin can be deposited from 
the hottest portion of the flame. This mirror is bright and 
has the characteristic color of polished tin plate. If the mirror 
is allowed to get a little too hot, however, it tarnishes and has 
the familiar reddish tinge. Films can be obtained which con¬ 
tain the brownish stannous oxide and the white stannic 
oxide in addition to the metal. 

Mercuric ('hloridc. It was found impossible to get a 
bright mirror of mercury by condensing the metal on porcelain 
from a flame containing mercuric chloride. Though the salt 
is decomposed, the mercury deposits as a dull white film, 
intermixed with some of the undissociated salt. By means of 
a platinum wire it was possible to scrape off portions of this 
white film in such a way as to get fine drops of metallic mer¬ 
cury. The film usually contains some of the black mercurous 
oxide especially along the edges; but no trace of the red oxide 
was ever found. In order to get this film at all, it is neces¬ 
sary to have the porcelain tube quite cold and to keep the tem¬ 
perature of the flame somewhat lower than with most of the 
other metallic salts. The reason for this is the low boiling- 
point of mercury, which increases the difficulty of condensing 
the metal from a hot flame. 

Silver Nitrate .—When silver nitrate is introduced into 
the flame, it first melts to a bead and then decomposes. If 
care be taken, a silver mirror can be obtained, along the edge 
of which there is precipitated a considerable quantity of black 
or bluish black silver oxide. If the flame is too hot or if it 
contains too much salt, spots or specks of metallic silver and 
also gray, pulverulent silver are obtained instead of a mirror. 
Since there is a good deal of free silver in the flame when sh¬ 
iver nitrate is added, and since silver vapor is blue, it is not 
impossible that the blue color of the flame is due in part to the 
vapor of metallic silver. 
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Lead Nitrate .—^When lead nitrate is heated in the Bunsen 
flame, it decomposes to lead oxide, which latter dissociates 
in the hottest portion of the flame, thus making it possible 
for us to obtain a mirror of metalUc lead. This mirror is very 
bright and metallic, but has a characteristic dull blue color. 
A good deal of undissociated lead oxide precipitates along the 
edge of the film. 

Bismuth Nitrate .—bismuth mirror was obtained without 
difficulty from a flame to which bismuth nitrate had been added. 
This mirror was unusually bright and lustrous. Along the 
edge of the mirror there precipitated a black oxide,* presuma¬ 
bly Bi202. When heated, this oxide changed to the stable 
yellow BhOs. 

Zinc Chloride.—It is very easy to precipitate metallic 
zinc from a flame containing zinc chloride. It is somewhat 
difficult, however, to get a clear untarnished zinc mirror be¬ 
cause the zinc tends to precipitate on the tube in a bluish 
pulverulent form. Using a hot flame and a very slight excess 
of zinc chloride, it is possible, however, to produce a perfect 
mirror. The flame has the characteristic blue to bluish green 
color which is obtained when metallic zinc bums in oxygen. 

Arsenic Trioxide .—From a flame, to which arsenic tri¬ 
oxide had been added, there precipitates, on the cold tube, 
the familiar arsenic mirror which is obtained in the Marsh 
test for this metal. Only a small amount of the oxide should 
be added to the flame if a mirror is desired. With more the 
metal precipitates in a pulverulent form. 

Antimony Trichloride .—When antimony trichloride is 
added to the flame, it is easy to get a mirror like that obtained 
in the Marsh test. Along the edge of the mirror the antimony 
precipitates in the black, pulverulent form. Repeated at¬ 
tempts were made to get the yellow modification of antimony; 
but all were unsuccessful. 

Molybdenum. Oxide .—Molybdic acid was added to the 
Bunsen flame and to the hydrogen-air flame. In each case 

' Watts- "Dictionary of Chemistry,” i, 513. 
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there precipitated on the porcelain tube an indigo-blue pre¬ 
cipitate, which answers the description of molybdenum 
molybdate familiarly known as “molybdenum blue,” “molyb¬ 
denum indigo” or “blue oxide of molybdenum.” Since no 
free metal was obtained from the hydrogen flame burning in air, 
molybdic acid was introduced into the oxyhydrogen flame. 
The temperature of this flame was high enough to decompose 
the oxide appreciably, as was shown by the fact that a small 
mirror of metallic molybdenum was obtained when the por¬ 
celain tube was held in the flame a short distance above the 
bead. This mirror was bright and perfect. It was surrounded 
by a fringe of the previously mentioned molybdenum blue. 

The introduction into the oxyhydrogen flame of a sub¬ 
stance like molybdic acid presents some difficulties. The fol¬ 
lowing method was used in these experiments; The molybdic 
acid was dampened slightly so that it could be matted firmly 
together. A small amount of this material was then placed 
in a thick-walled glass tube having a 2 mm bore. The tube 
was placed vertically on a firm surface and the molybdic acid 
was rammed into the tube by means of a metallic plunger. 
More of the acid was added and the operation repeated again 
and again until about a one inch column of molybdic acid 
had been formed in the tube. The column was then pressed 
out of the tube until about three-eighths of an inch were ex¬ 
posed; the free end was held to the edge of the flame. The 
method worked admirably in this specific case and would 
probably work well in other cases. 

Tungsten Oxide.- ■ -Thv canary-yellow tungsten oxide, WO.i, 
was introduced into the oxyhydrogen flame in precisely the 
same way as was done with molybdic acid. A bright mirror 
of metallic tungsten was obtained with a border of the blue 
oxide. 

Phosphorus Trichloride.--k method employed by the 
toxicologist for the detection of phosphorus is to put in the 
flame some of the material to be tested. If phosphorus is 
present it will impart to the flame a faint greenish color, which 
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becomes a decided bright green when the flame is cooled. 
From analogy with previous experiments^ it seemed proba¬ 
ble that the change in color arising from the cooling of the 
flame must be connected in some way with the rate of com¬ 
bustion of phosphorus. We ordinarily think of phosphorus 
as burning with a bright yellow-white flame; but that is a 
case of very rapid combustion. To determine the color of 
the light emitted when the rate of combustion is low, phos¬ 
phorus was burned with an insufficient supply of oxygen. 
This was done by placing a piece of phosphorus in a porcelain 
crucible, igniting it, and covering the crucible with a watch 
glass. As the air in the crucible became poor in oxygen, the 
bright flame became less bright and flashes of green were 
seen. Soon the light emitted by the slowly burning phos¬ 
phorus was entirely green. The amount of oxygen that dif¬ 
fuses in under the watch glass is sufficient to keep the phos¬ 
phorus burning but is not sufficient to support rapid combus¬ 
tion, and consequently the flame is entirely green.^ If the 
watch glass be lifted, the phosphorus bums up brightly again 
and no green color can be seen. It is very probable that the 
green color of the cooled flame, which the toxicologist uses 
as a test for the presence of phosphoms, is due to the rela¬ 
tively slow oxidation of phosphorus. It ought therefore to 
be possible to precipitate phosphorus from a flame to which a 
volatile salt of phosphoms had been added. A little phos¬ 
phorus trichloride was placed in a hard glass tube drawn out 
to a jet. Hydrogen was passed through the tube and lighted 
at the jet. When the tube was heated very gently, the tri¬ 
chloride was volatilized sufficiently to be carried into the 
hydrogen flame. When a cooled tube was held in the flame 
a dark reddish precipitate of red phosphoms was obtained. 
When the precipitate was heated in the air to the ignition point 


* Wilkinson: Jour. Phys. Chem., 13, 704 (1909). 

^ The green color is therefore not due to the combustion of PHa as assumed 
by K. B. Hofmann: Pogg. Ann., 147, 94 (1872). 
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in a dark room, flashes of light could be seen clearly as the 
phosphorus burned. 

Sodium Chloride .—Sodium chloride volatilizes at a high 
temperature without decomposition and is therefore very 
stable. In the flame it gives rise, however, to the yellow sodium 
flame and is therefore undoubtedly dissociated. An attempt 
was therefore made to see whether metalhc sodium could be 
precipitated from the flame in the same way as the other 
metals. Of course it was not to be expected that the sodium 
would remain as metal on the porcelain tube and the presence 
of caustic soda might be due to the precipitation of this salt 
direct from the flame, especially since Mendel^eff’ considers 
that caustic soda is formed when sodium chloride is intro¬ 
duced into the flame. The first experiments were made with 
a Bunsen flame. The precipitate consists chiefly of imde- 
composed sodium chloride but is perceptibly alkaline to phenol- 
phthalein, whereas the original sodium chloride was not. 
Special blank experiments showed that the alkaline reaction 
was not due to the tube. The experiment was repeated 
in the hydrogen-air flame and the alkaline reaction was more 
marked. Since caustic soda is more volatile than sodium 
chloride, one would expect to get a more alkaline reaction 
when the tube is held in the outer or cooler portions of the 
flame if the caustic soda was formed by hydrolysis. The re¬ 
verse is the case, however, so that it seems probable that there 
is no appreciable hydrolysis of sodium chloride in the flame 
and that we are actually precipitating metallic sodium on the 
tube. Repeated attempts were made to confirm this conclu¬ 
sion and to precipitate sodium on a cooled surface of mer¬ 
cury, in the hope that enough sodium might be obtained so 
that an evolution of hydrogen could be detected on adding 
water. No positive results were obtained and consequently 
it is justifiable for anybody, who so wishes, to disbelieve, for 
the present, in the precipitation of metallic sodium from the 
oxyhydrogen flame. 

* “The Principles of Chemistry,” i, 563 (1891). 
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Potassium Chloride .—^When potassium chloride is added 
to the flame of hydrogen burning in air, the precipitate on the 
porcelain tube gives only the faintest trace of an alkaline 
reaction when tested with phenolphthalein solution. In an 
oxyhydrogen flame the precipitate was markedly more alka¬ 
line. This experiment proves that potassium chloride re¬ 
quires a higher temperature to decompose it than does sodium 
chloride. This is what one would expect in case of disso¬ 
ciation into metal and halogen; but there is no apparent 
reason for such a difference if we are dealing with hydrolysis. 
In fact an aqueous potassium sulphate solution is distinctly 
more alkaline than a sodium sulphate solution. These re¬ 
sults therefore corroborate the view that sodium and potassium 
salts in flames differ from zinc and cadmium salts, chiefly in 
that the metals of the alkalies are very readily oxidized after 
precipitation. 

Sulphur Dioxide .—In the first experiment sulphur dioxide 
was fed into a Bunsen flame and a deposit was obtained on 
the cold tube. The deposit was dark-colored and insoluble 
in water. It dissolved practically completely in carbon 
bisulphide and evidently consisted of sulphur which had car¬ 
ried down some carbonaceous matter. In order to eliminate 
the contamination of carbon, sulphur dioxide was next run 
into a hydrogien-air flame. The precipitate on the cold tube 
had the familiar yellow color of flowers of sulphur. 

In Table I is given a summary of the experimental data. 

The results which we have obtained are really an exten¬ 
sion of Deville’s work with the hot-cold tube, the flame taking 
the place of the hot tube. At sufficiently high temperatures 
all exothermal compounds must decompose. It has proved 
easier to demonstrate this experimentally than people have 
hitherto supposed. The reducing flame is not essential be¬ 
cause we have obtained copper from a separated flame^ in 
which the copper salt was introduced into the oxidizing flame 
and never came into contact with the reducing flame at all. 

' Sinithclls and Ingle: Jour Chem. Soc., 6i, 204 (1892). 
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Table I 


Vapors intro- i ; 

duced into 

Flame 1 

Character of metallic deposit 

name 1 i 

CuCls 

Bunsen 

Mirror; red color 

Cdda 

1 Bunsen ! 

Mirror; very bright metallic 

SnCls 

Bunsen ; 

Mirror; bright metallic with 
faint tinge like tarnished tin 

HrCI./ 

Bunsen 

No mirror; deposit of particles of 
mercury mixed with unde¬ 


1 

composed salt 

AgNO, 

1 Bunsen 

Mirror; lustrous white 

Pb(N(),,)2 

' Bunsen 

1 

Mirror; bright metallic with a 
faint tinge of blue 

Bi(N( 

Bunsen 

Mirror; very bright white 
metallic 

ZnCl» 

1 Bunsen 

Mirror; bright metallic 

A.SA)., 

1 Bunsen 

Mirror; bright metallic. Also, 
black amorphous powder 

SbCl. 

i Bunsen i 

Mirror; bright metallic. Also 
considerable black powder 

MoOa 

1 ()xyhydrogen 

Mirror, bright, lustrous, metallic 

WoC), 

' ()xy hydrogen 

Mirror; bright, lustrous, metallic 

PCI, 

' Hydrogen 

Dull reddish phosphorus 

NaCl 

1 Hydrogen 

Fine particles of Na or NaOH 
mixed with undecomposed salt 

KCl 

j Oxyhydrogen ^ 

Fine particles of K or K( )H 
mixed tvith undecomposed salt 

SO. 

; Hydrogen 

Yellow flowers of sulphur 


Though the thermal dissociation is the important thing, there 
are other factors to be considered. 'J'he presence of a reducing 
mixture will displace the equilibrium in one direction. Any 
electrification will have an effect one way or the other. The 
dissociation may be forced back by the concentration of 
other substances in the flame gases. A notable instance of 
this occurs in the hydrogen-chlorine flame, where the dissocia¬ 
tion of the chlorides is reduced to a negligible amount in 
spite of the high temperature. 

The general results of this paper are: 

(i) While the general consensus of opinion has been that 
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free metallic vapors existed in flames, there has been a diver¬ 
sity of opinion as to how the metals were set free. There has 
been no independent proof of the occurrence of free metals 
in the flames except in two special cases studied by Salet and 
by Smithells, neither of whom went beyond the single case 
on which he worked. 

(2) At the temperature of the Bunsen flame many metallic 
salts are dissociated, the metal being set free. At the higher 
temperature of the oxyhydrogen flame, more salts are decom¬ 
posed. 

(3) The presence of free metallic vapors in a flame can 
often be shown by condensing the metals on a chilled porcelain 
tube. 

(4) By precipitation from the Bunsen flame it has been 
possible to prepare metallic mirrors of copper, cadmimn, tin, 
silver, lead, bismuth, zinc, arsenic, and antimony; and to get 
mercury in the form of drops. 

(5) By precipitation from the oxyhydrogen flame it has 
been possible to prepare metallic mirrors of molybdenum and 
of tungsten. 

(6) Sulphur can be precipitated from the hydrogen-air 
flame containing sulphur dioxide; it can also be precipitated, 
contaminated. with carbonaceous matter, from a Bunsen 
flame containing sulphur dioxide. 

(7) Red phosphorus can be precipitated from a hydrogen- 
air flame fed with phosphorus trichloride. 

(8) It seems probable that metallic sodium and potassium 
have been precipitated from oxyhydrogen flames fed with 
sodium chloride and potassium chloride. Since these metals 
oxidize at once, the proof as to their precipitation is not con¬ 
clusive. 

(9) These experiments are an extension of Deville’s work 
with the hot-cold tube. 

(10) The principle underlying the experimental results 
is that all exothermal compounds must decompose if heated 
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hot enough. The reducing action of the flame gases is not 
essential, though it may at times increase the decomposition. 

(11) In the hydrogen-chlorine flame the dissociation 
of the chlorides is forced back. In consequence of overlook¬ 
ing this fact and other similar ones, people have been led to 
deny the fundamental part due to the temperature. 

(12) Wlien phosphorus bums relatively slowly, the flame 
is green just as it is when a phosphorus compound is added 
to a cooled Bunsen flame. 

Cornell University 



EQUILIBRIUM IN THE SYSTEM: COPPER ACETATE- 

PYRIDINE 

BY J. HOWARD MATHEWS AND ERNEST BADEN BENGER 

Foerster/ in 1892, observed the formation of two com¬ 
pounds of copper acetate with pyridine of crystallization: 
Cu(C2H302)2, 4C5H5N, and Cu(C2H302)2 CsH6N. Beyond 
the statement made by Foerster that the first-named com¬ 
pound decomposes with evolution of pyridine at ordinary 
temperatures, and that the second is stable at the boiling 
point of water, we have no data concerning their phase re¬ 
lations. As these are the only compounds of copper acetate 
and pyridine to be found described in the literature, and as 
their study was so incomplete, it seemed desirable to determine 
the ranges of their stable existence and the equilibrium condi¬ 
tions of their solutions in pyridine. 

Materials .—The pyridine used was obtained from Merck 
and was repressented to be of the highest purity. It was al¬ 
lowed to stand (with frequent shakings) over sticks of pure 
potassium hydroxide for two days, then for fifteen hours over 
barium oxide and potassium permanganate, after which it 
was digested under a reflux condenser for four hours and 
finally distilled.* The fraction passing over between 115° 
and 116° at 740 mm was the only portion of the distillate used. 

'I'he copper acetate was a “C. P.” sample from Kahl- 
baum. Its water of crystallization was eliminated by the fol¬ 
lowing method: Pyridine was added in excess to the finely 
powdered acetate, to form Cu(C2H302)2.4C5H6N. The mix¬ 
ture, after standing for an hour with frequent stirring, was 
filtered on a Buchner filter, washed three times with pyridine, 
pressed out with filter paper, recrystallized from boiling pyri¬ 
dine, pressed out with filter paper a second time, washed with 
pyridine on a Buchner filter and finally given as thorough a 

‘ Ber. chem. ('.es, Berlin, 25, 3416 (1892). 

“ Cf. Wik'ox, Jour. Phys. Chetn., 14, 583 (1910). 
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drying as possible by pressing out with filter paper, after which 
it was preserved in tightly closed, glass-stoppered bottles. 
In this way a product was secured which contained no water. 

7 hcrmometcrs. - For the range of temperature 13° to 
95a “Normal” thermometer graduated in tenths and capable 
of being read to hundredths of a degree was used. For lower 
temperatures a toluene thermometer graduated in degrees and 
cai)able of being read accurately to tenths served. Both 
thermometers were standardized against thermometers which 
had been standardized by the U. S. Bureau of vStandards, and 
the proper corrections were applied. 

Method. The .solubility apparatus was essentially that 
proposed by MeyerholTer and .Saunders,’ with glass stirrer 
(with mercury seal), and was immersed in a suitable thermo¬ 
stat. The temperature of this bath was controlled by an ordi¬ 
nary toluene gas-regulator, which gave a satisfactory con¬ 



stancy of temperature, the maximum variation being o.i'^, 
except at 95° where it was 0.2°. Above 60° a layer of par¬ 
affin aided greatly in maintaining constant temperature, by 
preventing excessive evaporation. Between 0° and 30° a 


* Zeit. pliys Chem , 28, 464 (1899). 
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coil of lead pipe conducting a stream of ice-water was immersed 
in the thermostat to assist in the regulation of temperature. 
For the temperature of o° very finely cracked ice was used, 
the stirring (which must be very thorough) being done by hand. 
Below o° mixtures of ice and common salt and of ice and cal¬ 
cium chloride were used, the thermostat being here replaced 
by a large silvered Dewar tube. The maximum variation of 
temperature for these lower temperatures was 0.5°, but for 
the half hour immediately preceding sampling the variation 
was less than 0.2 °. 

The samples for analysis were taken by the apparatus- 
devised by Walton, and Judd^ in this laboratory. Two 
samples were always taken at varying intervals of time to 
insure that equilibrium had been attained. Considerable time 
was saved by raising the temperature considerably above the 
point desired, holding it there for half an hour, and then low¬ 
ering it. 

The analyses of the samples were carried out by a method 
devised by Mr. Samuel Spero in this laboratory. The 
sample was washed out of the weighing tube with water and 
evaporated to dr)mess on the water-bath, after which the 
least amount of concentrated nitric acid which would dissolve 
all the solid was added, the solution diluted to 200 cc. and 
heated nearly to boiling. The copper was precipitated with 
potassium hydroxide, the liquid poured off through a filter, 
the precipitate washed once with hot water by decantation, 
dissolved in the dish with concentrated nitric acid and the re¬ 
sulting solution passed through the filter and caught in a 
weighed platinum dish. The copper was deposited from this 
nitric acid solution in the usual manner, using a rotating anode 
and N. D.ioo 0.6 to i.o ampere. 

The data obtained are given in the following table: 


‘ Jour. Am. Chem. Soc., 33, 1039 (1911). 
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Temperature 

1 

1 

_ 1 

1 

1 

Weight of sample ! 

Weight of ! 

copper i 

deposited ; 

Percentage ’ 
of copper 
acetate in , 
sample | 

Average 

i 

95 40° 

2.5026 

2.8660 

0 0554 
0.0631 1 

6.32 j 

6.29 1 

6.31 

1 

83-30 

2.6971 ; 

2.4592 ; 

0.0520 ; 

0.0459 

5-51 i 

5-33 ! 

5-40 

76.20 
* 1 

3 - 33.14 

3.2780 

0.0561 

0-0555 

4.81 

4-84 1 

4-83 

64-30 

1 

1 3-3814 

3-0133 

0.0522 ' 

0 0479 

4-41 1 

4-54 

4-48 

55-70 

1 3-6564 , 

1 3-4207 

0.0539 1 

0.0483 

4-21 

4.04 

4-13 

45-20 j 

3.8082 1 

3-.3851 ; 

0.0556 

0.0495 

4 17 

4.17 

! 4-17 

43-20 

2.8901 1 

2,7686 : 

0.0342 

0.0330 

3-38 

3-40 

1 3-39 

1 

41.90 

3 4541 1 

3-6924 : 

0.0374 i 

0.0407 

3 09 

3-15 

i 3-12 

1 

37-40 

2-7579 ' 

2.9022 ! 

0.0273 
0.0287 s 

2.83 

2.83 

2.83 

34.80 

3-58.53 

3 3975 j 

0.0473 

0.0442 

3-77 

3-72 

3-75 

26.45 * 

2.8403 ! 

3 0405 

0.0I6I 

0.0169 1 

1.62 

I 59 1 

1.61 

13.00 

3 - 7502 , 

3-3487 I 

0.0I3I 

0.0125 

1.00 1 

1.06 ! 

1.03 

2.00 

2.3517 ' 

; 3-3711 ; 

O.CX )52 

0.0067 

0.63 i 

0-57 

0 60 

— 11.60 

3 - 7070 
' 3.2101 

0 0047 

0 0043 

0.36 1 

0.38 

0.37 


The Solid Phases. -The. analyses of the solid phases were 
made in much the same way as the analyses of the samples 
from the solubility tube. The blue compound, Cu(CiH302)2.- 
4C6H6N, which is in equilibrium under the conditions repre¬ 
sented by the lower branch of the curve, was found by analysis 
to contain 12.55 percent of copper, corresponding to the for¬ 
mula as stated above, in which the theoretical percentage of 
copper is 12.78. The discrepancy was undoubtedly due to 
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imperfect drying, as the crystals appeared moist. It was 
found impossible to dry them thoroughly without decompo¬ 
sition, i. e., loss of pyridine of crystallization. Since this com¬ 
pound had been described by Foerster no ultimate analysis 
was considered necessary. 

The green compound Cu(C2H302)2.C6H6N, which is in 
equilibrium with the solution imder conditions represented 
by the upper branch of the curve, was found to contain an 
amount of copper corresponding to the formula as stated. 
Since this compound has also been described by Foerster no 
ultimate analysis was made. 

Inspection of the curve shows the transition point of the 
two salts to be 44.7°. This temperature is very certain as 
points for each salt were obtained in the meta-stable condition, 
making extrapolation unnecessary. 

Foerster’s conclusion that no compound intermediate 
between the compounds Cu(C2H302)2.4C5H5N andCu(C2H302)2.- 
CsHsN is formed has been verified, and the range of stable 
existence of these compounds has been studied for the tem¬ 
perature interval —11.6° to 95 °. 

Laboratory of Physical Chemistry 
University of Wisconsin 
November, igij 



MERCURIC OXIDE JELLIEvS 

BY E. H. BUNCH 

This work was chiefly a repetition of that by J. Emerson 
Reynolds.^ 

“When a vSolution of mercuric chloride is added vSlowly 
to a mixture of acetone with a dilute aqueous solution of 
potassium hydrate, the mercuric oxide first precipitated is 
dissolved, with the production of a clear colorless liquid. 
The addition of the mercurial solution can be continued 
until a white precipitate makes its appearance, the alkali 
being still in excess." If the solution be filtered at this point, 
an apparently opalescent, yellowish colored liquid is ob¬ 
tained.'^ If one portion of this alkaline solution be boiled 
for a few minutes, a thick gelatinous mass suddenly separates, 
and further ebullition is rendered difficult, if not impossible. 
Another portion of the liquid gelatinizes when treated with 
an acid in slight excess; and, if the original solution be moder¬ 
ately strong, the vessel in which the experiment is made may 
be inverted without risk of vSpilling its contents. Finally, 
if some of the mercuric solution be exposed over sulphuric 
acid in vac no ^ it leaves on partial evaporation a gelatinous 
mass, on the surface of which latter crystals of potassium 
chloride soon make their appearance. When the dcvsiccation 
is complete, a yellowish resinoid body is obtained, together 
with a large quantity of very beautiful acicular crystals of 

1 Proc Roy Soc , 19, 431 

2 The same results can be obtained when inerciiiic oxide is iirecipitated 
from any of its salts, washed rapidly, and then digested with e xcess of acetone 
and potassium hydrate The best mode of operating, however, is that stated 
in the text. 

The different solutions exhibit a slight opalescence, not completely 
removable by ordinary filtration. This opalescence appears to be due to the 
very graclual separation, at ordinary temperatures, of traces of the same an¬ 
hydrous substance which is thrown down very rapidly at a boiling heat In 
composition the latter body is identical with the anhydride obtained by other 
methods and described further on. 
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the chloridie and a certain amount of potassidm carbonate. 
The solution of mercuric oxide in potassium hydrate in pres¬ 
ence of acetone takes place as easily in alcoholic as in aqueous 
liquids. 

“Preliminary experiments similar to the foregoing were 
sufficient to indicate that the chief compound produced in the 
reaction above referred to might be regarded as a colloid 
body. I, therefore, took advantage of the late Professor 
Graham’s beautiful dialytic method' for effecting its purifica¬ 
tion from crystalloids and have met with complete success. 

“As the preparation of a strong solution of the pure 
acetone mercuric compound suitable for dialysis is attended 
with some difficulty, I may now describe in detail the mode 
of operating proved by experience to afford the most satis¬ 
factory results. Forty grams of pure mercuric chloride are 
to be dissolved in about 500 cc of hot water and the solution 
then allowed to cool, even though crystals of the salt separate. 
Twenty-nine grams of potassium hydrate are next dissolved 
in about 300 cc of water: 15-20 cc of acetone should now be 
placed in a capacious glass balloon, and diluted with 250 cc 
of water. The reaction is then to be managed as follows: 
about 150 cc of the alkaline solution should be added to the 
aqueous acetone, and then 250 cc of the mercuric chloride 
poured in. Resolution of the mercuric oxide first thrown down 
proceeds slowly at the outset, if the mixture be not warmed. 
After a time the oxide redissolves quickly, if the contents of 
the balloon are agitated briskly. When the first half of the 
mercuric solution has been added, the remaining 150 cc of 
potassium hydrate are to be poured in cautiously and the 
residual mercuric chloride then mixed, with the precautions 
already stated. 

“The solution prepared in the manner described is usually 
turbid, but can easily be filtered clear from the small amount 
of mechanically suspended matter. The filtrate should next 
be placed on a large hoop dialyzer, covered as usual with care- 

* ‘Xiquid Diffusion Applied to Analysis,” Phil. Trans., 151, 183 (1861). 
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fully prepared parchment-paper, and the vessel floated on 
a considerable volume of distilled water. After two days 
action the diffusate will be found to contain a large quantity 
of potassium chloride, some potassium hydrate and but a 
very small amount of mercury. The process of diffusion is 
to be continued, the diffusate being replaced by pure water 
twice each day, until the liquid on which the analyzer floats 
no longer affords a cloud when treated with a solution of 
silver nitrate. The process may then be considered terminated, 
and the pure colloidal liquid obtained. The contents of the 
dialyzer can now be removed, and should be free from all 
odor of acetone. A few drops, when evaporated to dryness 
on platinum-foil and the residue ignited, should volatilize 
completely. 

“The mode of operating just described affords the strong¬ 
est colloidal liquid that can conveniently be prepared directly 
in the pure state; but where degree of concentration is of no 
importance, I find that it is better to dilute the alkaline mer¬ 
curial solution with its own volume of pure water just before 
dialyzing.” 

Reynolds evaporated the carefully prepared colloid liquid 
to dryness; the resinoid residue was powdered very finely 
and dried carefully. The composition of the substance could 
be represented satisfactorily by the formula (CHsCOCHjja- 
HgaOs and Re)aiolds assumed that the substance was a definite 
chemical compound. While this may be true, the evidence 
would not nowadays be considered as conclusive. Reynolds 
has the following to say in regard to the properties of the 
alleged compound; “Analogy would lead us to conclude 
that the colloid liquid obtained by dialysis is a hydrate of 
the body represented by the above formula ((CHaCOCHsjs- 
HgaOs); but since evaporation i» vacuo is sufficient to remove 
the water completely, the hydrate can possess but httle sta¬ 
bility. Properly speaking, this hydrate is no doubt a true 
liquid, and as such is miscible with other liquids. The re¬ 
action of this hydrate is neutral to test-papers. 
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“When the aceto-mercuric hydrate contains five percent 
of the anhydrous compound, it will, if quite pure, remain 
liquid for twelve or fourteen days, toward the end of this time 
becoming gradually less fluid, until the whole ‘ sets ’ to a firm 
jelly. The same result may be brought about in a few seconds 
by the addition to the perfectly neutral liquid of very minute 
quantities of any of the following substances: hydrochloric, 
acetic, nitric, sulphuric (incompletely), chromic, oxalic, tar¬ 
taric, or citric acids; by potassium, sodium, ammonium, 
barium and calcium hydrates; by calcium chloride, mercuric 
chloride, sodium acetate, and other neutral salts. Contact 
with certain insoluble powders, such as calcium carbonate, 
and even alumina, induces pectization.' 

“Elevation of temperature quickly determines the gelat- 
ination of the liquid. If containing five percent of the ketone 
compound, a very firm jelly is produced on heating to 50° C. 
In one experiment, a quantity of the liquid was taken and some 
bright, carefully-cleaned copper gauze introduced. The liquid 
did not pectize, nor did any trace of mercury deposit on the 
copper, after standing for a day. The temperature of the 
whole was then raised to 50° C.; a transparent jelly was 
at once produced, of such strength that the vessel in which 
it was contained could be inverted without any risk of loss. 
I'his jelly, enclosing the bright copper gauze, has remained 
in my possession for eight months without giving the slightest 
indications of a disposition to change. 

“vSmall zoological specimens, when inclosed in the same 
way in a jelly of the mercuric ketone compound, were found 
to keep well when carefully cleansed before they were sealed 
up in the gelatinous envelope. 

“By evaporation, a liquid containing eight percent of the 
ketone com])ound was obtained, but it pectized in a few hours. 

' In uccordanci' with the nomenclature of Professor Graham, we must 
call the lujiiid colloid hydrate the "hydrosol” of the new compound, the 
gelatinous hydrate the “hydrogel” and the change from the former to the latter 
“pectization ” 
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A two percent hydrate retained its liquidity for several months. 
Once a jelly formed in any of these liquids, I have not suc¬ 
ceeded completely in reconverting it to the liquid state by 
very cautious treatment with potassium hydrate, even when 
aided by diffusion. 

“The alcosol of the mercuric ketone compound was ob¬ 
tained by the method adopted by Professor Graham in pre¬ 
paring the corresponding silicic alcoholate—that is to say, 
by adding to a one percent hydrate an equal volume of alcohol, 
and exposing the mixture over quicklime until most of the 
water was removed: the alcohol remained. This liquid could 
be boiled without pectizing; but if the ebullition continued 
for some time, a jelly was suddenly obtained. This insoluble 
jelly corresponded to that produced on heating the hydrate, 
or adding to it any of the bodies capable of pectizing it; in 
the former case alcohol, and in the latter water, being as¬ 
sociated or united with the mercuric ketone compound. 

“It has now been shown that the new body is capable 
of affording hydrosol and hydrogel, and alcosol and alcogel; 
it must, therefore, be regarded as a very strongly marked 
member of Professor Graham’s group of these colloids, though 
chemically differing widely from previously described com¬ 
pounds of this class. 

“When the colloid hydrate was treated with sulphuretted 
hydrogen, mercuric sulphide was produced. The liquid 
filtered from the sulphide yielded acetone on distillation. 
Digestion with dilute hydrochloric acid likewise effected the 
decomposition of the colloid body, mercuric chloride being 
produced and acetone liberated. Nitric and sulphuric acids, 
when dilute, did not decompose the compound with the same 
facility as hydrochloric acid. Treatment of the hydrosol 
with copper, zinc, or iron at ordinary temperatures, failed 
to effect the substitution of either metal for the mercury 
in the compound. Prolonged contact with each of the two 
last-mentioned metals caused pectization, the metal subse¬ 
quently becoming. encrusted with a white substance. Heat 
produced the same result more rapidly.” 
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At first I repeated Reynolds’ experiments exactly but 
I soon found that the process could be simplified if one was 
interested chiefly in making a jelly. The easiest method is 
to dissolve 30 grams KOH and 20 cc acetone in 500 cc water 
and to add slowly a saturated solution of mercuric chloride, 
shaking the mixture continually until the first faint, perma¬ 
nent precipitate appears. A precipitate appears on adding 
the mercuric chloride but disappears on shaking until a cer¬ 
tain amount of mercmic chloride has been added, after which 
either a white flocculent or a fine, yellow, granular precipi¬ 
tate is formed. The solution jells on standing exposed to the 
air for a length of time depending on the concentration of 
the mercuric chloride. The solution may also be made to 
jell by desiccation over sulphuric acid, by addition of a small 
amount of an acid, or by heating; but too much heating causes 
the precipitation of a fine granular precipitate and the solution 
then does not jell. It is important to use a sample of mer¬ 
curic chloride containing no mercurous chloride. Since 
mercurous chloride is by no means an unknown impurity in 
this case, it is much wiser to recrystallize the mercuric chloride 
from water. 

The first experiments concerned the variation in the amount 
of mercuric chloride. To each beaker were added 40 cc 
KOH and acetone solution, and then a definite amount of 
a saturated solution of mercuric chloride. The beakers were 
allowed to stand for three days and were then examined. 
The beakers containing 1-15 cc mercuric chloride solution 
did not jell at all. There was a black precipitate in the bottom 
of each beaker and a clear, yellowish liquid above. With 
20 cc HgCla solution, the solution becomes opalescent and there 
is a heavy granular precipitate. With 30 cc HgCU solution 
there is formed a soft jelly with a thin layer of liquid on top. 
With 50 cc the solution jelled after standing several hours; 
at first there was a thin layer of liquid on top of the jelly but 
this disappeared in time. With 60-90 cc mercuric chloride 
solution a firm jelly was obtained in a‘Short time. With 
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100 cc HgCU a jelly is formed with a permanent supernatant 
liquid layer. It is thus clear that a good jelly is obtained only 
between certain limits for the mercuric chloride. If left 
standing for a long time, these jellies dry out and contract, 
shrinking away from the glass walls of the beaker and cracking. 
They still remain moist for a long time; but finally dry down 
to little heaps of powder. The jellies are a pure white color 
and feel like salve when rubbed between the fingers. They 
are alkaline to litmus paper. One sample of jelly was sealed 
in an air-tight dish to prevent loss of moisture. At the end 
of three months the jelly was apparently entirely unchanged. 

In another run I made up mixtures containing 40 cc KOH 
and acetone solution and 50 cc saturated HgCl> solution. 
To these were added two-gram lots of different salts. With 
potassium sulphate, and sodium nitrate, no immediate effect 
could be noticed, the solutions apparently giving as good 
jellies as though the salts had not been added. Of course, the 
salts crystallized in case the jellies were left standing a long 
time in the air. With sodium acetate a jelly-like structure 
was obtained; but no real jelly. Addition of potassium 
carbonate gave rise to a thick, viscous, milky liquid while 
addition of cobalt sulphate or copper nitrate caused the 
formation of a granular precipitate. 

In the next set of runs 80 cc HgCls solution were added 
to 40 cc KOH and acetone solution. The mixtures were 
heated for varying times and consequently to varying tem¬ 
peratures, so as to bring out the effect of heating. The ordi¬ 
nary temperature was 20°. When not treated at all, the 
mixture was an amber-colored solution which formed a good 
jelly on standing. When the solution was heated for one 
minute (to 30°) it jelled more rapidly than the unheated 
solution. On heating two minutes (to 39°). the solution 
became cloudy, then separating into a good jelly at the bottom 
and a yellow liquid above. In time the solution dried to 
a firm jelly with no upper liquid layer. The same thing hap¬ 
pened when the solution was heated three minutes (to 60°), 
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or four minutes fto 63°). When heated five minutes (to 69°) 
a white, cloudy precipitate formed which became granular 
and settled to the bottom. Though a jelly was formed, it 
was not a good one. When the solution was heated longer, 
a granular precipitate settled and no jelly was formed. It is 
not solely a question of evaporation because one mixture was 
placed in a flask fitted with a reflux condenser and was boiled 
for eight hours. A granular precipitate settled and no jelly 
was formed. If the mixture is placed in a stoppered bottle 
at room temperature, a jelly is formed with a liquid layer on 
top, showing that evaporation is necessary in order to get a 
firm homogeneous jelly when starting with these solutions. 
If time had permitted I should have liked to try varying the 
relative amounts of caustic potash and acetone, and the ab¬ 
solute amounts of water. 

The jellies do not dissolve in water even though the water 
be boiled for several hours. They break down, however, into 
a granular precipitate. If a few drops of concentrated hydro¬ 
chloric acid or nitric acid be added to the water, the jellies 
dissolve readily to a clear solution when heated. If this 
solution is cooled and then made alkaline either with KOH 
or with the KOH and acetone solution, no jelly is obtained 
and the’ precipitate contains a good deal of black mercurous 
oxide. I did not have time to find out when or how the reduc¬ 
tion to mercurous salt took place. Since it has seemed im¬ 
possible to get a jelly when the mercuric chloride contains 
mercurous salt originally, it is possible, though not proved, 
that the mercuric oxide jellies could be made to liquefy and 
to jell alternately for an indefinite number of times if no re¬ 
duction to mercurous salt took place. 

The general results of this paper are: 

1. Reynolds’ work on mercuric oxide jellies in presence 
of acetone has been repeated and confirmed. 

2. For given amounts of acetone and caustic potash, the 
amounts of mercmic chloride can vary only between limits if 
a good jelly is to be obtained. 
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3. Addition of potassium sulphate or of sodium nitrate 
had no apparent effect on the jelling of the mixture; addition 
of potassium carbonate caused the formation of a viscous 
milky liquid, while cobalt sulphate or copper nitrate caused 
the formation of a granular precipitate. 

4. A slight rise in temperature causes a mixture to jell 
more quickly; but heating for five minutes or more at tem¬ 
peratures above 63° seems to prevent the formation of jellies. 

5. The effect of heating is primarily a temperature phe¬ 
nomenon and not one of evaporation, for the formation of a 
jelly is prevented by heating the mixture in a flask fitted with 
a reflux condenser. 

6. When heated with water the mercuric oxide jellies 
break down to a gratiular precipitate. 

7. When the jellies are heated with water to which a few 
drops of concentrated hydrochloric acid or nitric acid have 
been added, no jelly is formed; bnt we get a granular, black 
precipitate, which contains mercurous oxide. No jelly is 
formed when the solution is made alkaline again. 

8. It is not known whether it is the mercurous oxide which 
alone keeps the solution from jelling a second time. 

9. The mercuric oxide jellies break away from the glass 
walls when dr)'ing. They also crack, but no second layer of 
liquid forms. 

This investigation was suggested by Professor Bancroft 
and has been carried out under his supervision. 

Cornell University 
June, iQij 
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A Dictionary of Applied Chemistry. By Sir Edward Thorpe, Vol. V. 

17 X 2s cm: pp. V -I- 830, New York; Longmans, Green, and Co., IQ13. Price: 
$13.50 —The fifth and last volume covers the ground from sodium to zymurgy. 
Among the interesting subjects in this volume are: sodium; soils; solders; sol¬ 
ubility and solution, specific gravity; spectrum analysis; starch; steam; strontium; 
sublimation; sugar; sulphide dyes; sulphur and sulphuric acid; synthetic drugs; 
tannins; tartaric acid; tellurium; terpenes; thallium; thermometers; thermostats; 
thorium; tin; titanium; tobacco; toxins and antitoxins, triphenyl methane 
coloring matters; tungsten; ultramarine; uranium; urea; vanadium; varnish; 
vat dyes; vegeto-alkaloids; water; waxes; whiskey; wine; destructive distillation 
of wood; wool; zinc. 

The first volume appeared in 1912 and the last one at the very end of 1913. 
an interval of less than two years This is a record of which both the editor 
and the publishers may well be proud. It is a difficult enough matter to get a 
few men to turn in manuscript anywhere near the time for which it has been prom¬ 
ised. To get dozens of people to do this simultaneously would vseem an im¬ 
possible feat, except that the editor has accomplished it. The quality of the 
work is also of the highest grade. It has been a .source of admiration to the re¬ 
viewer to see how complete the more important articles were, in spite of the fact 
that an enormous number of subjects has been treated in a relatively limited 
space. The one serious defect in the dictionary is that the literature references 
are unreliable. The five volumes are invaluable as reference books and should 
be in every chemical library Wilder D Bancroft 

Handbuch der Mineralchemie. By t Doelter. Vol. II. Parts I-IV. 

18 X 25 cm: pp. j6q (each part). Dresden: Theodor Steinkopff, 1913 Price: 
6.50 marks (each part). —These four numbers of the second volume deal with: 
silicic acid in the forms of quartz, chalcedony, and opal; agates; the lithium, 
sodium, potassium, and magnesium silicates; talc, meerschaum, and .serpentine; 
calcium silicate and the double silicates of calcium with sodium, magnesium and 
iron, including the pyroxenes and amphiboles, asbestos and hornblende 

The problems of the silicates and of silicic acid can be solved only by people 
who have a thorough working knowledge of physical chemistry and of colloid 
chemistry. The editor and his collaborators are not fortunate in this respect, 
with the result that the problem is presented in a very confused way. On p. 
73 Doelter seems to believe that all compounds are stable at their melting-point; 
and the possibility of there ever being more than two series of solid solutions 
has evidently never occurred to him On p. 117 he commits himself to the opinion 
that inversion points are of no importance because the changes at them do not 
take place in.stantaneou.sly. While Doelter is quite clear on p. 74 that the 
zeolites do not form definite hydrates, on p. 75 he accepts Tschermak’s view 
that they probably do, Tschermak bases his conclusions on experiments on 
the rate of hydration, pp. 93, 228 and 234, although he ought to know that these 
cannot compare in accuracy with experiments on equilibrium relations. It is 
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^uite on a par with the view that silicates do not have definite melting-points 
merely because these are extraordinarily difficult to determine accurately 
Doelter also seems to believe that all colloidal precipitates must be definite 
compounds because it is possible to obtain definite crystalline compounds as 
colloidal precijutates, p 85 Because it is possible to prepare colloidal barium 
sulphate we must therefore conclude that the so-called aluminum silicates are 
necessarily definite comiiounds It is quite clear that Doelter has never under¬ 
stood van Bemmelen’s work and it really seems as though Doelter has no definite 
theoretical beliefs by which he is willing to stand when the facts seem to go against 
him. One cannot help feeling sorry for a man who has never had the satisfaction 
of being able to predict that such and such e.xperimeiilal results must be wrong 
regardless of their apparent accuracy 

There are some interesting facts in regard to mineralizers, pp 52, 145, 154 
Carbonates, borates, fluorides and tungstates are said to be the nifist efficient 
mineralizers Doelter considers that they do not act like catalytic agents, 
hut that they displace the equilibrium In so far as what sejiarates is a form of 
pure SiO^ the jiresence of substances in the melt cannot possibly affect the real 
equilibrium, though these substances may have an eiionnoiis effect on the ease 
of obtaining a given form. Doelter seems to make the tacit assumption that 
whatever form crystallizes is necessarily the stable form 

It IS interesting to note that the water m the zeolites can be replaced by 
alcohol, carbon bisulphide or benzene, p. 74, and that the zeolites can also take 
up mercury, calomel, bromine t>r iodine, p. 71 On p 184 there is an account 
of the artificial staining of chalcedony Red is obtained with iron oxide, green 
with chromium, yellow with hydrochloric acid, and black with sugar and oil of 
vitriol. Meerschaum can also be stained with fuchsine or with acid violet, !>. 381 

The fourth number appeals the least to the physical chemist, the most 
important subject from his point of view being asbestos hVTsmann distinguishes 
two groups of asbestos, one with parallel fibres and one with crumpled fibres. 
No special reason is given for this differentiation and no explanation is offered 
for the occurrence of the crumpled fibres 

This volume is a treasure-house of observations and as such is extremely 
valuable. It is also valuable in showing how far we still arc from anything 
that might be called a scientific treatment of silicic acid and the silicates. The 
problems are really for the colloid chemist who has not as yet risen to the situation. 

Wilder D. Bancroft 

Geschichte der deutschen Naturphilosophie. By Carl Siegel. 16 X 24 
cm; pp. V -f jpo. Leipzig: Akademische Verlagsgesellschaft, /p/j. Price: 10 
marks. Though Ostwald disclaims any connection between his point of view 
and the philosophy of Schelling, the author prefers to consider the first as a de¬ 
velopment of the second. This is chiefly a question of definition The oxygen 
theory of combustion was absolutely the opposite of the phlogiston theory and 
yet it grew out of it in the sense that it was developed in consequence of the 
shortcomings of the phlogiston theory becoming too obvious. The author 
begins his historical sketch with a chapter on German metaphysics before Leib¬ 
nitz. After this comes a chapter on Leibnitz and one on Kant and Fries. The 
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views of Herder, Goethe, vSchclling, and Schopenhauer are treated under the 
heading of the romantic school, while a chapter on Herbart and Feuerbach gives 
the needed contrast Lotze and Fechner are considered as the forerunners of 
the modern school, of which Mach and Ostwald are the leaders. The author 
considers the views of Ostwald as being a modernized version of those of Leib¬ 
nitz or perhaps it would be more accurate to say that both philosophies have a 
common goal. Wilder D. Bancroft 

The Preparation of Organic Compounds. By E. DeBarry Barnett. 14 X 
21 cm; pp. V 4 " 301. Philadelphia: P. Blakiston's Son and Co., jgi2. Price: 
$ 2 . 73 .—'‘In the present volume the author has aimed at giving a general outline 
of the methods actually employed in preparing organic compounds, and thus 
providing not only a laboratory manual, but also a book which may be used 
as a companion volume to the usual theoretical text-books. 

“In the first chapter will be found a short description of the most common 
apparatus and reagents used in preparative organic work; and although some of 
the apparatus described may be regarded as rather crude for academic practice, 
it must be borne in mind that the average works laboratory, at all events in this 
country, is not fitted with all the latest refinements, and that one of the chief 
difficulties experienced by the young chemist on first entering works is to adapt 
himself to his environment Although to .some minds the idea of carrying out 
chemical preparations in sauce-pans, jam-pots, etc, may seem rather bizarre, 
experience will show that such apparatus is quite as satisfactory and considerably 
less expensive than the more conventional and more brittle beakers and basins. 

“The description of the processes given is less full than in most books on 
organic preparations, but the details are sufficient to enable the average student 
to carry out the preparations successfully, without being so exhaustive as to re¬ 
duce his work to mere mechanical routine. The book is not intended for those 
who are endeavoring to study chemistry by correspondence lessons, and those 
working in a university or technical college laboratory can usually refer to a 
senior student or to a member of the staff when in difficulties.’^ 

The chapters are entitled: apparatus, methods of manipulation, reagents; 
the hydrocarbons; the halogen compounds; the alcohols, phenols, and mer- 
captans; the aldehydes, ketones, quinones (and quiiione-imides) and some 
derivatives of the same; the ethers and sulphides; the carboxylic acids, their an¬ 
hydrides and esters, the nitriles or cyanides; the nitroso- (and wo-nitroso-) and 
nitro-ccimpounds, the amino-compounds; the diazo-, diazoamino-, diazoimino-, 
azo-, azoxy-, and hydrazo-compounds, the sulphinic and sulphonic acids; mis¬ 
cellaneous tyiies 

The author covers a great deal more ground than is usually the case. In 
only a limited number of cases is there anything about yields and there is prac¬ 
tically nothing about conditions. The book is therefore one of the orthodox 
organic laboratory manuals and docs not show anv signs of the change of spirit 
which organic chemistry must undergo before it comes into its own again. 

Wilder D. Bancroft 



FLAME REACTIONS. II 


BY WILDER D. BANCROFT AND HARRY B. WEISER 
The Luminescence of Heated Gases 

As far back as 1792 Thomas Wedgwood' showed that 
heated air is not luminous. “An earthenware pipe, of a 
zig-zag form, was placed in a crucible, which was filled up 
with sand, the two open ends of the pipe being left uncovered; 
one of them was of a proper form for receiving the nozzle of a 
bellows, the other bent into angles of the form of the letter 
Z; on this last was fastened a globular v'essel with a lateral 
bent pipe to let out air but exclude all external light, and with 
a neck in which was inserted a circular plate of glass. The 
crucible with the sand and the part of the pipe contained 
in it was then heated to redness. Having my eye fixed on 
the neck of the vessel, and observing it perfectly dark within, 
I directed an assistant to blow with the bellows. 'I he stream 
of air, sent through the red-hot tube, not being at all 
luminous, I fixed a small strip of gold in the orifice of the 
tube, which, after two or three blasts, became faintly red; 
thus proving that the air, though not luminous, was ec)ual in 
temperature to what is usually called red heal. I then heated 
the crucible to a brighter redness; the stream of air, blown 
through the bright red-hot tube, still came out perfectly dark, 
but the strip of gold, exposed to it, shone both sooner and 
brighter than before.” 

Ever since this time there has been a difference of opinion 
as to the extent to which the luminescence of a heated gas 
is purely a question of temperature or is the result of chemical 
action. Melloni- considers that chemical action plays an 
important part. “When one body combines chemically with 
another, its molecules acquire in an instant a very violent 
vibratory motion, and then may subsequently assume vibra- 

‘ Phil. Trans., 82, 272 (1792). 

* Phil. Mag., (3] 3 a> ^75 (*848). 
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tions that are slower. This is what appears to take place in 
flames, which originate in the combustion of bodies; they 
commence almost always by a blue or violet light, and then 
become white or yellow.” Dibbitts’ lays stress on the emis¬ 
sion of a heated gas. “When two gases combine chemically, 
giving rise to a flame, there are several possible causes for the 
emission of light. We will illustrate this by a concrete ex¬ 
ample. When hydrogen bums in chlorine, we get a green 
flame which gives a continuous spectrum without lines. This 
light may be due: (a) to the heated hydrogen; (6) to the 
heated chlorine; {c) to the heated hydrochloric acid; id) to a 
heated substance which exists only temporarily as an inter¬ 
mediate compound; (c) to the chemical reaction itself. Tet 
us consider for a moment these five cases which are the only 
conceivable ones. 

“We are not dealing with (a) because Plucker has shown 
that highly heated hydrogen gives a spectrum consisting of 
three bright lines;- nor with (b) because Plucker has shown 
that highly heated chlorine gives a spectrum with char¬ 
acteristic bright lines. Case id) is improbable because the 
simplest way in which hydrogen and chlorine can react is in 
equal volumes, in other words, to form hydrochloric acid; it is 
very unlikely that a more complex substance would exist in 
the flame as an intermediate step in the formation of hydro¬ 
chloric acid.^ This leaves only (c) and (c). The following 
experiment is intended to distinguish between these two 
possibilities: A mixture of hydrogen and hydrochloric acid 
was burned in air or in oxygen, which is the same as feeding 
hydrochloric acid into a flame of hydrogen burning in oxygen. 
If (c) is right we should get the same light as when hydrogen 
burns in chlorine because we have hydrochloric acid which is 

' Pogg. Ann., 122, 539 (1864). 

* [What Pliickcr really studied was the spectrum given when an electric 
discharge passes through a Geissler tube containing hydrogen. He assumed 
that this was the sixjctrum of highly heated hydrogen ] 

“ [This reasoning is not conclusive. One might have an addition com¬ 
pound, Hs.Clj, analogous to the chlorine addition compounds of chlorine with 
benzene. ] 
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merely being heated very hot. If (c) is correct, we should get 
nothing but the light emitted by a flame of hydrogen burning 
in oxygen, because the hydrogen and chlorine have already 
combined and this chemical reaction' cannot therefore give 
rise to light. 

“The experiment is in favor of (r) because we get the 
same light and the same spectrum as when hydrogen bums 
in chlorine. It is thus proved that, in this case at any rate, 
the light is not due directly to the chemical reaction but is 
due to the heating of the products of combustion. I'he 
burning of hydrogen and carbon dioxide or hydrogen and 
sulphur dioxide may be used to illustrate the same conclusion. 
When a mixture of hydrogen and carbon dioxide burns, a blue 
flame is obtained giving a continuous spectrum which is not 
that of hydrogen, of carbon, of oxygen, or of water. 'I'here 
are two possibilities. Hydrogen and carbon dioxide may 
react to form water and carbon monoxide, the latter reacting 
with oxygen from outside and this chemical reaction giving 
rise to the blue light; or hydrogen may react with oxygen from 
outside and the resulting flame may heat the carbon dioxide 
so much that it becomes selj-luminoits and emits the blue light. 
The experiments do not enable one to decide definitely be¬ 
tween these two alternatives. From the analogy with the 
preceding experiment (flame of hydrogen and hydrochloric 
acid), we may conclude that the heated product of com¬ 
bustion (CO2) is the cause of the light and not the chemical 
action. 

“Quite in accord with this is the experiment in which a 
mixture of hydrogen and sulphur dioxide arc burned. The 
experiment proves nothing; but can easily be accounted for 
on the assumption that no light is emitted as the direct result 
of the chemical action but that all the light is due in this case 
chiefly to the highly heated sulphur dioxide. According to 
this hypothesis highly heated sulphur dioxide gives a spectrum 

^ (The author of course docs not consider the possibility of hydrochloric 
acid dissociating. ] 
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which has been described under the sulphur flame. In the 
flames of burning sulphur or hydrogen sulphide we have 
highly heated sulphur dioxide and it gives the same spectrum. 
In the carbon bisulphide flame we have highly heated sulphur 
dioxide and carbon dioxide; this shows the light due to both. 
In the flame of burning carbon monoxide it is the highly 
heated carbon dioxide alone which emits the blue light; and 
in the oxyhydrogen flaine it is the highly heated water vapor 
which emits the faint light peculiar to this flame.” 

Hittorf^ is distinctly on the other side. “All solids 
probably cease to phosphoresce at the temperature at which 
they begin to emit red light, at the so-called dull red heat. 
The ordinary non-metallic gases behave quite differently. 
The spectra of the first order are obtained at low temperature 
when an electrical current passes and are also given by many 
gases when burned in oxygen. The light of our ordinary 
flames, which contain no solid particles, is not due to the 
temperature but is caused by the chemical reaction and should 
be considered as phosphorescence. For, if the same gases 
are raised to the temperature of the flame w'ithout any chemical 
reaction taking place, they emit no light which can be de¬ 
tected by the eye. It is easy enough to convince oneself 
of this by suspending horizontally in the hottest portion of 
the Bunsen flame a narrow cylindrical tube of the thinnest 
possible platinum foil. I'o prevent one’s eyes being dazzled 
by the light radiated by the glowing metal, it is necessary 
to look through a narrow tube along the axis of the cylinder. 
If the room is dark, the gas inside the tube will appear dark 
and quite different from the gases of the luminous flame. 
The same result is obtained if one looks at the air inside a 
tube which has been heated white-hot in a coal fire. 

“A later paragraph will also show that the electrical 
behavior of the flame gases is quite different from that which 
the same gases show at the same temperature when no chemical 
reactions are taking place. 

' Wied. Ann., 7, 587 (1879); ip, 73 (1883). 
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“These facts do not conflict with the law that all sub¬ 
stances begin to emit light of the same wave-length at the 
same temperature. At these temperatures the ordinary 
gases show practically no absorption and consequently Kirch- 
hoff’s law requires that they shall also show no emission.” 

Siemens' came to much the same conclusions inde¬ 
pendently of Wedgwood and of Hittorf. “When gases bum 
with a brilliantly luminous flame, the light is well known to 
be a secondary phenomenon due to the solid or liquid particles 
in the flame being heated until they glow. Gases, which give 
rise to no solid or liquid particles, burn with a relatively 
feebly luminous flame which is usually bluish, though the 
color varies somewhat with the nature of the gas. People 
arc wont to account for this luminosity by saying that the 
highly heated gases themselves emit light. So far as I know 
no experiments ha\'e ever been published to show whether 
pure gases really emit light when heated. Some considera¬ 
tions as to the emission of light by the sun and some 
casual observations made it seem to me im])robable that 
heated gases emit light and I therefore decided to make some 
experiments in regard to this. If the experiments w'cre to be 
conchisive, they must be made at temperatures higher than 
those reached in the luminous combustion. I soon con\ iiiced 
myself that, for this and other reasons, laljoratory experiments 
would not give a satisfactory result. My brother, Friedrich 
vSiemens, placed at my disposal in Dresden a regeneratix e 
furnace which was used for manufacluritig hard glass. The 
furnace could easily be heated to about 1500'^ aotx)'' C which is 
as high as the specially refractory walls would stand. When 
these temperatures were reached and when the further flow of 
gas and air into the furnace was cut off, the hot walls of the 
furnaces kept the enclosed air for a long time at a very con¬ 
stant temperature. In front of the openings in the furnace 
there were placed a series of well-blackened screens with a 
central opening, which permitted one to look through the hot 


* Wied. Ann., i8, 311 (1893). 
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furnace without any rays from the walls reaching the eye. 
After the furnace had been made completely tight and the 
lights had been put out so that there was no external light, 
it appeared that the highly heated air in the furnace did not 
emit any light that was visible to the eye... .For the experi¬ 
ment to succeed it was essential that no combustion should be 
taking place in the furnace and that one should wait until the 
air in the furnace was as free from dust as possible. Any 
flame in the furnace, even when apparently not in the line of 
vision, or the slightest amount of dust caused a glow to be 
seen. 

“These experiments show the erroneousness of the pre¬ 
viously held view that highly heated gases are themselves 
luminous. In the furnace there was air mixed with the 
products of the previous combustion, in other words, oxygen, 
nitrogen, carbon dioxide, and water vapor. If any one of these 
ga.ses were self-luminous, the field of vision would have appeared 
bright. If the gases are not self-luminous at the temperature 
of combustion the faint light shown by burning gases which 
do not give rise to solid or liquid particles, cannot be due to 
the glowing of the heated products of combustion. .. 

“It may be urged that emission of light by hot ga.ses is 
very faint and therefore ea.sily overlooked when the tem¬ 
perature is not very high. The possibility of this must be 
admitted and it is very desirable that the experiments should 
be repeated at still higher temperatures and under more 
accurate conditions so as to determine the limiting tempera¬ 
ture at which heated gases become undoubtedly self-luminous. 
The fact that gases do not emit light at a temperature of over 
1500° C proves, however, that the luminosity of the flame is not 
due to the combustion products being self-luminous. The be¬ 
havior of the flame also furnishes evidence of this. If we 
provide for a more rapid mixing of the gases to be burned, the 
flame becomes shorter, because the rate of combustion is in¬ 
creased, and hotter because less cold air is mixed with the 
burning gases. The flame also becomes shorter and hotter 
if the gases are preheated strongly before being ignited. 
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Since the ascending products of combustion must remain for 
an interval of time nearly at the temperature of the flame, we 
ought to get the opposite state of things in case the gases are 
self-luminous. The light of the flame ceases sharply at a very 
definite line which coincides evidently with the completion 
of the chemical action. This latter is therefore the cause 
of the light and not the heated products of combustion. If we 
assume that the gas molecules are each surrounded by a sheath 
of ether, an alteration of these sheaths of ether must take 
place when two or more such molecules combine. The re¬ 
sultant movement of the ether particles must be compensated 
by vibrations which may form the starting points for waves 
of light and heat. In a similar way one may account for the 
light-effects which are obtained when an electric current is 
passed through a gas. As I have shown a long time ago' 
when describing my ozone apparatus, all gases become con¬ 
ductors of electricity when we exceed what I have called the 
polarization maximum .Since the current passing through 
the gas aj^jH-ars always to be accompanied by chemical action, 
one might account ff)r the luminescence in the same way as 
with flames by assuming oscillatory transferences of the ether 
coatings round the gas molecules by means of which the 
transfer of electricity is accomplished. In that case the light 
of a flame could be called an electric light just as properly as 
the light of the ozone tube or of the (ieissler tube . The 
similarity in intensity and in color of the light from flames 
and from tubes through which an electric current passes is 
an argument for the cause of the light being the same in the 
two cases.” 

Mitscherhch* showed that no sodium line is obtained 
when sodium chloride or caustic soda is heated in a porcelain 
tube. This was confirmed by Pringsheim® for these and for 
other salts. On the other hand, the sodium lines were ob¬ 
tained when a suitable reducing agent was present. From 

* W. vSiemens: Pogg. Ann , loa, 66 (1857)- 

- Pogg. Ann., 116, 504 0^62). 

» Wied, Ann., 45, 428 (1892); 49, 347 (1893). 
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this Pringsheim concluded, very properly, that free metallic 
sodium was essential to the production of the D lines. He 
then prepared a cold flame by burning mixtures of carbon 
bisulphide and air. “The temperature of this flame can be 
made very low; the hght is not brilliant but is distinctly blue 
and can readily be seen in a darkened room. The tempera¬ 
ture is so low and the amount of heat generated is so small 
that one can hold one’s finger in the flame indefinitely without 
feeling more than a moderate sensation of heat.. The carbon 
bisulphide flame was regulated so that it just burned; the 
flame was very long and pointed in shape. Repeated measure¬ 
ments with a thermocouple, at the hottest portion of the 
flame just below the point, gave temperatures between 114° 
and 146° C. We can therefore say definitely that this flame 
continues burning at temperatures below 150° C, below the 
ignition temperature of the inflammable mixture which gives 
rise to the flame. The light emitted by this flame has a very 
considerable photographic action .. The flame gives a con¬ 
tinuous spectrum which is much weaker in the red part than 
in the blue and violet; it is very like the spectrum obtained 
when sulphur or hydrogen sulphide burns in the air. There 
can be no doubt but that we are dealing with gases which 
luminesce in consequence of chemical reactions and not in 
consequence of high temperature.” 

In the cold carbon bisulphide flame sodium chloride does 
not emit the D lines; but it does when the temperature is 
raised. Prom these and other experiments Pringsheim con¬ 
cludes that sodium salts give a yellow light in flames at lower 
temperatures than when the salts are heated in an indifferent 
atmosphere. From this postulate, it necessarily follows that 
in these cases sodium is set free by reduction and not as a 
result of thermal dissociation. 

Pringsheim then heated metallic sodium in a porcelain 
tube and found that the vapor emitted the D lines. Since 
it is impossible to eliminate all traces of oxygen and since the 
porcelain tube itself consists of oxygen compounds, Prings¬ 
heim concludes that metallic sodium heated in neutral gases 
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emits light only as a consequence of chemical processes and 
also that it is the reduction to sodium which emits light and 
not the oxidation of sodium.’ Neither of these conclusions 
follows necessarily from the experiments and both have been 
attacked, as has also his other conclusion that “the assumption 
that gases can emit light by mere elevation of their tempera¬ 
ture is a hypothesis demanded neither on experimental nor 
theoretical grounds.” 

An elaborate criticism of Pringsheini’s views will be 
found in a scries of papers by Paschen.’’ He admits, however, 
that the glowing of sodium vapor in the Bunsen flame is not 
merely a temperature emission,^ “Paschen has compared 
the intensity of the two D lines in the sodium flame with the 
total intensity of a region completely enclosing the 1) lines, 
in the continuous spectrum of a black substance heated in the 
flame. The total intensity of the 1) radiation was more than 
twice as great as that of the region of the continuous spectrum 
which enclosed them, from which the inference can be drawn 
that something other than temperature is concerned with the 
emission of light by the sodium flame.^ The same thing was 
found by Kayscr and Paschen in the case of the ultraviolet 
bands of the arc. which were much brighter than a corre¬ 
sponding region of the spectrum of the positive crater, not¬ 
withstanding the fact that the teni{Terature of the latter is 
higher than that of the arc proper.” 

Smithells" discusses the work of Hittorf, tsiemens, and 
Priugsheim at some length. 

“The experiments of Hittorf and Siemens may. I think, 
be held to establish two facts: (i) That air, carbon monoxide, 
steam, and carbon dioxide emit no sensible light when at an 
average temperature of 1500° C or perhaps 30(X)°C ; (ii) 

* Cf. Frcdenhagen: Drude's Ann . 20, 141 (^1906). 

* Wied. Aim., 50, 409 (1893); 51, i, 40; 52, 228 (1894). 

* Paschen: Ibid., 51, 41 (1894'); cf. Wood: ^'Ph^^sical Optics.” 

595(1911). 

^ [Cf. however, Kayser: “Handbuch dcr Spectroscopic,” 2, 182 (1902).] 

® Phil. Mag., [5] 37, 248 C1894). 
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that the luminous part of flame b conterminous with the 
region of chemical action. They do not establish, I think, 
a third and most important conclusion, namely, that the 
luminosity is due directly to chemical action and not to heat. 
Before such a conclusion can be justified, we must be sure 
that the products of combustion in the flame do not exceed 
1500° or 3000° C. It is assumed by Hittorf and Siemens, 
and has also been assumed by Pringsheim that we are justified 
in speaking of the temperature of a flame as the temperature 
indicated by thermometric instruments when they are intro¬ 
duced into the flame. This seems to me to be fundamentally 
erroneous. Such a recorded temperature is no doubt the 
effective temperature of the flame, but it is merely an average 
temperatiu-e. 

“Every chemical student knows that the thinner the 
platinum wire he uses the hotter it becomes when introduced 
into a Bunsen flame, and it matters not whether the measure¬ 
ments of temperature depend on the fusibility of metals or 
salts, on specific heat, expansion, thermoelectric junctions, 
or electrical resistance, they are all open to the obvdous ob¬ 
jection that they only give the mean temperature of a con¬ 
siderable region of the flame uiicorrected for conduction 
losses. What are we to say of the temperature of a candle- 
flame which will not melt a small bead of common salt but 
which will melt a platinum wire if pure and of a certain fine¬ 
ness? 

“We may best deal with the matter by considering an 
ideal flame. Let us suppose that we have hydrogen is.suing 
from a vertical cylindrical tube into oxygen gas, and let us 
consider a horizontal slice of the gas one molecule thick mov¬ 
ing upwards in the tube. 

“For the sake of simplicity we may neglect the molecular 
motion of the gas, and we will also suppose the gas to inflame 
spontaneously on meeting with the requisite oxygen. The 
slice of gas as it ascends the tube is retarded by friction at the 
edges and will issue with a conical form from the tube. Here 
it inflames and gives us a small conical flame. This flame 
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would consist of a conical sheet of hydrogen, one molecule 
thick, combining with oxygen. If we are to measure the tem¬ 
perature at the locus of combination we must have a thermo¬ 
metric instrument small compared with the thickness of the 
sheet of combustion. If the instrument does not fulfil this 
condition, it will protrude into the unburnt gas within the cone 
and the cooling gases outside, and the temperature indicated 
will be the average of the whole region in which it is im¬ 
mersed. 

“It may be objected that this is only an ideal flame, and 
that the conical sheath of flame actually obtained when 
hydrogen burns in oxygen has a very sensible thickness. 
This is no doubt true; but it must-be at once pointed out that 
if the sheath of burning hydrogen has a sensible thickness, 
that is to say, if the hydrogen is burning on the outside surface, 
the inside surface, and in the intervening thickness of the 
sheath, hydrogen must all the while be passing through the 
sheath without undergoing combustion, in order that there 
may be some on the outer surface to maintain the combustion 
there taking place; and oxygen must be passing through 
from the outside to maintain the combustion of the hydrogen 
on the inner surface. If, then, we can get a thernionietric 
instrument small enough to be wholly immersed in the region 
of combustion, the temperature indicated will not be that 
of the steam just formed but the average temperature of the 
hydrogen, oxygen, and steam within the sheath. 

“From this I think it is plain that no thermoinetric 
instrument can possibly indicate the temperature of the 
product of combustion in a flame at the moment of formation. 
The temperature of 1500^ ascribed to the hottest part of a 
Bunsen flame is therefore not the temperature of the products 
of combustion, and experiments that show^ these products to 
be non-luminous at a temperature even of C afford no 

proof that the luminosity of flame is due to some other cause 
than the mere high temperature of the products. 

“How, then, are we to ascertain the temperature of the 
products of combustion? The only remaining method is to 
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calculate it theoretically. This may be done if we make the 
assumption (which must be considered as doubtful in view 
of recent experiments) that the specific heat of gases does not 
alter greatly with increase of temperature. 

“In the production of i8 grams of steam from 2 grams 
of hydrogen and 16 grams of oxygen there are evolved 57560 
calories. The specific heat of steam being 0.4805 we have the 
rise of temperature: 


h — U 


57560 

18 X 0.4805 


6655°. 


This temperature then (with the proviso as to the constancy 
of specific heat of steam) must be the temperature of the 
steam-molecules formed in a flame of hydrogen, assuming 
the whole heat liberated during the reaction to he stored in the 
newly formed molecules.’ It is well known that steam be¬ 
gins to dissociate far below this temperature, but the question 
of dissociation only enters into our present consideration 
in this respect, that it forbids us to assume a hydrogen flame 
as consisting of molecules all in the act of combining. What¬ 
ever the degree of dissociation there is plainly some combina¬ 
tion taking place, and if the heat liberated is stored in the 
molecules formed,’ their temperature must rise to the 
theoretical 6600°. • Even the average thermometric tempera¬ 
ture of a hydrogen flame is above the temperature at which 
dissociation of steam begins, and there must be therefore a 
certain number of uncorabined hydrogen and oxygen mole¬ 
cules in the flame. Our theoretical temperature of flame is 
no more an indication of its average temperature than its 
average temperature is a measure of the temperature of the 
steam which it contains. A gas may in fact exhibit a certain 
average temperature in two ways—it may have been raised 
to the average temperature by external heating or by internal 
chemical combination. In both cases the velocity of the 
molecules shows the same average, but this average is very 
differently compounded in the two cases. In the first case it 


‘ [This assumption of an adiabatic reaction requires justification.] 
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can be shown theoretically that the number of molecules 
having velocities four times the average is extremely small. 
In the second case (flames) we have a large number of mole¬ 
cules of intensely high temperature and a large number of 
low temperature. The average temperature is in this case 
compounded of two extremes, and there is every reason to 
anticipate a difference of physical qualities. This difference 
we might reasonably expect to manifest itself in the emission 
of light by the gas which contains the intensely heated mole¬ 
cules. 

“vSimilar considerations ap])ly to the temperature of 
carbonic acid produced in flames. The theoretical tempera¬ 
ture for the combustion of carbonic oxide in oxygen is 7180° C. 

“As neither steam nor carbon dioxide has been raised by 
external heating to anything approaching the temperatures 
we have indicated as accniing to them theoretically in the 
act of formation, it is still possible that the luminosity of 
flames in which the}' are produced may be due to high tem¬ 
perature in the ordinary sense of the term. The remark of 
Siemens that flames become smaller on increasing or heating 
the air-supply does not affect the conclusion arrived at, for 
it is not claimed that the luminosity of the products of cf)ni- 
bustion is of appreciable duration. Admixture with more air 
produces a smaller region of combustion, for it spares the com¬ 
bustible gas the necessity of wandering outwards to find the 
necessary oxygen. There would be in consequence a greater 
numl>er of hydrogen and oxygen molecules uniting within a 
given space, the flame would be brighter but not necessarily 
larger, and this is certainly the case. 

"It may be stated further, in relation to the luminosity 
of air, steam, and carbon dioxide, that having regard to their 
extremely small optical absorptive power it is not to be ex¬ 
pected that they will show any great emissive power even 
when raised to very high temperatures. The degree of 
luminosity shovra by a Bunsen gas-flame, assuming the 
products to have the temperature, calculated theoretically. 
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appears to be just about what we might expect from a priori 
considerations.” 

Smithells subjects Pringsheim’s views as to the lumines¬ 
cence of sodium vapor to a scathing criticism; but in the 
second part of the same paper he* modifies his attitude in re¬ 
gard to Pringsheim’s views. ‘‘The experiments recorded in 
this paper afford some evidence as to the validity of the view 
of the origin of the flame spectra advocated by Pringsheim. 
If, as he concludes, the flame spectra commonly attributed 
to the alkali metals are a direct consequence of chemical 
processes occurring in the flame, the same is presumably true 
for the spectra of chemical compounds such as those of copper 
and gold. As a matter of fact, chemical changes do accom¬ 
pany the production of the spectra dealt with in this paper. 
Thus when cupric chloride is introduced into the flame, we 
have the formation of cuprous chloride and of cuprous oxide. 
The case of gold chloride is more important. In the case of 
this salt the spectrum is only developed when a large excess 
of chlorine or of hydrochloric acid and air is present; in their 
absence a considerable quantity of a spray or dust of the salt 
may be passed through the flame without giving any spectrum. 
The gold chloride, in fact, can only be maintained at a tem¬ 
perature sufficient to develop its spectrum when it is sur¬ 
rounded by an atmosphere either of chlorine or of an equiva¬ 
lent mixture of hydrochloric acid and oxygen. The gold 
chloride molecules, however, must not be regarded as remain¬ 
ing intact under these circumstances, for where a dissociable 
salt appears to be maintained in the undissociated state, 
through the presence of an excess of one of the products of 
dissociation, we ascribe it to the fact that, if momentarily 
dissociated, there is instantly a reunion. Wliile, therefore, 
on the one hand, the high temperature at which the gold 
chloride spectrum is developed compels the separation of the 
gold and the chlorine, the large excess of chlorine, on the other 
hand, by the action of mass compels a recombination. Though 


Smithells; Phil. Mag., [5] 39, 13a (1895). 
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this in a sense is tantamount to saying that the gold chloride 
molecules remain undissociated, the dynamical riew of dissocia¬ 
tion obliges us to picture a constant interchange between atoms 
of gold and atoms of chlorine. Wc are obliged to conclude, 
therefore, that the experiments recorded above are quite in 
harmony with the view advocjited by Pringsheim. 

“In a previous part of this paper I have offered some 
criticisms of the experiments on which Pringsheim bases his 
conclusion. Notwithstanding this 1 have never considered 
his view^ to be disproved: on the contrary, it seems p,ima 
facie to be a reasonable explanation of many phenomena 
occurring in flames. Tlie facts I have now brought forward 
are in harmony wath it. but I believe the evidence is still far 
from complete, and that further ex]>eriments are necessary 
to establish the doctrine that the light-emission from flames 
is a direct coiisecjuence of chemical proc(‘sses.“ 

Thoiigh it seems probable that heated sodium vaj)or is 
luminescent,’ it is very difficult to eliminate all possibilit) of 
some chemical reaction taking place. This difficulty is not 
so serious with iodine va[>or. Salet* heated to redness a large 
glass tube closed at one end. “The room was made dark 
and when the glass tube had cooled until it w’as just barely 
visible, a fragment of iodine was throwm into the tube wdiich 
thereu[)oii filled with luminous vapors. To obtain more 
brilliancy one heats the vu})or of iodine in a Bohemian glass 
tube by means of an enanieller’s lamp. The contepts of the 
tube look like a red-hot bar of iron. One may also volatilize 
iodine around a platinum spiral brought to a ^dvid incandes¬ 
cence; the luminous vapor rises like a real flame about the 
spiral. It is a case of flame leiilwnt combustion. The light 
from the iodine gives a continuous spectrum, or rather a con¬ 
fused primary spectrum; one perceives traces of character¬ 
istic channellings but no lines of the secondary spectrum.” 
vSmithells^ has also experimented with heated iodine 

^ Kvershed: Phil. Mag., Lsl 39, 471 
® Ann. Chim. Phys., [4] 28, 34 (1S73). 

» Phil. Mag., [5I 37 » ^52 (1894)- 
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vapor. “At the suggestion of Sir G. G. Stokes, I tried the 
experiment of heating iodine vapor. This, being strongly 
absorptive at ordinary temperatures, might be expected to 
emit visible radiations at comparatively low temperatures. 
The experiment was made by filling the bowl of a ‘church¬ 
warden’ tobacco-pipe with iodine and closing with a lute of 
plaster of Paris. The stem was laid along a Fletcher tube- 
fumace and strongly heated. The bowl of the pipe, which 
protruded about one inch from the other end, was shielded 
from stray light and viewed against a background of black 
velvet. When the stem was heated to such temperature as 
could be obtained with the unforced draught of air, the issuing 
stream of iodine vapor was not luminous, but when the furnace 
was fed with a blast of air and the temperature sufficient to 
soften the pipe, the iodine became luminous and the vapor 
presented the appearance of a pointed yelloivish flame about 
an inch in length. A similar appearance was obtained when a 
glazed porcelain tube was substituted for the pipe-stem so 
as to exclude all possibility of furnace gases diffusing into the 
interior. My attention was subsequently drawn to the fact 
that the effect had already been described by Salet’ and had 
been achieved in a simpler way. 

“The experiment may best be performed as follows: apiece 
of hard glass tube about half inch diameter and five inches long 
and closed at one end is suspended horizontally by platinum 
wires from the ring of a retort-stand and heated along its whole 
length by the flame of a flat Bunsen burner. This should be 
done in the dark, and the burner removed as soon as the glass 
is seen to glow. The tube is allowed to cool till it has just 
ceased to glow, and then a long piece of platinum foil, bent 
into a trough and filled with iodine is passed into the tube 
and the iodine tipped out. The tube is immediately filled 
with the glowring vapor of iodine. This can be made to glow 
still more brightly by a reapplication of the flame. How 
much of the luminosity is due to the iodine and how much 


> Pogg. Ann., 147, 319 (187s). 
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to the hot glass may be seen at any moment by blowing out 
the iodine vapor by a puff of air. The effect is very marked, 
and there seems nO room to doubt that the glowing is due to 
hot iodine vapor. The lowness of the temperature seems to 
forbid the suggestion that the glow may be due to combination 
of the iodine with oxygen or to the dissociation and recom¬ 
bination of the atoms of the iodine molecule. 

“The result of this experiment is in conformity with the 
views already expressed as to the luminosity of flame, and 
enables us to see that, while colorless gases like those forming 
the products of the ordinary combustion are not likely to 
glow at the a\Trage temperature of a flame, they would at 
some higher temperature emit visible radiations.” 

Evershed’ has confirmed and extended the experiments 
of vSalet and of Smithells. 

“To sum up, then, it appears that besides iodine, the 
vapors of bromine, chlorine, sulphur, selenium, and arsenic 
can all be made more or less incandescent by heating to the 
temperature at which the glass combustion tube softens, 
and the light emitted liy each of these glowing vapors appears 
to give a perfectly continuous sjx'ctrum; while the corrcsjiond- 
ing absorption spectra are selective. Thus there is no such 
close relation between emi.ssion and absorption as is implied 
by Kirchhoff’s law of radiating bodies. There seems, how¬ 
ever, to be a general relation between the total ahsorliing and 
radiating power for the visible rays: those vapors which are 
highly colored and absorb strongly in the visible spectrum also 
radiate conspicuously in that part of the spectrum, w'hile 
colorle„ss, non-absorbing vapors, such as phosphorus, emit no 
perceptible light when heated. 

“That the glowing in these cases differs in no way from 
the glowing of heated solids seems, to say the least, extremely 
probable, for there is no evidence whatever that chemical 
changes accompany the luminosity; and there is besides the 
fact that when direct combination does occur between the 


> Phil. Mag., (15I 39> 4^5 (1895)- 
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vapor and the gas in which it is heated, as in the case of iodine 
in hydrogen, and possibly also arsenic in hydrogen, there is no 
luminous effect at all. 

“It may be questioned, however, whether molecular 
dissociation may not be concerned in the radiation, or alter¬ 
nate dissociation and reaggregation of the atoms of the mole¬ 
cules. For, according to the kinetic theory, at a given tem¬ 
perature and pressure the vapors may contain a certain pro¬ 
portion of free atoms distributed among the more complex 
molecular groups, but the individuality of these uncombined 
atoms null continually change while the proportion remains 
the same, for there will be a constant reaction or interchange 
going on between the atoms and the molecules. The emission 
of light may be supposed to depend on this act of union or 
disunion of the atoms, the radiant energy being derived in¬ 
directly from the heat supplied to the system to maintain the 
temperature. 

“Thus in the case of the diatomic gases iodine, bromine, 
and chlorine, a proportion of the molecules I2, Br2, CI3 may 
dissociate into 2 I, 2 Br, 2 Cl; and sulphur vapor may similarly 
dissociate from vSo to 3S2, and so on. From recent determina¬ 
tions of the vapor densities of the halogens, it appears that 
iodine begins to dissociate between 600° and 700° C, at a 
pressure of one atmosphere.' Chlorine, on the other hand, 
remains at a normal density corresponding to CI2 between 
about 200° and 1200° C-. With regard to the former ele¬ 
ment, the temperature at which dissociation commences 
(say 600°) is not much above that at which the glowing is 
first seen, and as in most of the experiments the iodine or 
bromine vapor is largely diluted with a neutral gas, so that the 
partial pressure is a good deal less than one atmosphere, it 
might well be supposed that dissociation was going on even 
at the lowest temperature at which the glow can be seen. 
But in the case of chlorine, dissociation begins at some 500® 
above the temperature of my experiments (assumed at about 

' Crafts and Meier; Ber. chem. Ges. Berlin, 13, 851 (1880). 

* Crafts: Ibid., 16,457 (1883); also Jahn: Ibid., 15, 1238 {1882). 
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700°); moreover, there is no dilution of gas, which is observed 
at the atmospheric pressure, so there can be no question of 
dissociation here; or at any rate, as there is no independent 
evidence of it, we have no more right to assume it as a cause 
of luminosity than we have in the case of glowing solids. 

“But, apart from the fact that chlorine can be made 
incandescent although it is not dissociating, it appears that the 
general relation mentioned above between radiation and ab¬ 
sorption of the visible rays, and the fact that the intensity 
of the glowing of the more absorptive vapors (the others being 
too difficult to observe) appears to follow closely that of a 
solid raised simultaneously through the same range of tem¬ 
perature,’ gives strong support to the view that there is no 
essential difference between gases and solids in the manner 
in which they radiate, at any rate under the conditions of the 
foregoing experiments. If dissociation were concerned, say, 
in the case of glowing iodine, one would expect the intensity 
of the light to increa.se rapidly when the temperature is made 
to approach the actual temperature of dissociation, where the 
maximum interaction of the atoms occurs. It should in fact 
increase in a much greater ratio than in the case of a glowing 
solid. But I have failed to detect any evidence f)f sucli rel¬ 
ative increase on the i)art of either iodine or any glowing gas. 
Further, a decrease of density (liy exhaustion or dilution) 
will facilitate the dissociation, and thus should tend to counter¬ 
act the reduction of luminosity due to a smaller number of 
molecules concerned. But no such effect is in fact to he seen 
under these conditions. ” 

Konen- comes to much the .same conclusion. “The glow 
spectrum was obtained by means of a platinum spiral which 


^ The radiutioii from iotline may easily be coiiijiared wiXh tliat of a solid 
at the same temperature, by placing a small piece of carbon inside the heated 
portion of the glass tube previously dewibed Also when the glass contains 
opaque particles, these are seen to glow with the same intensity as the iodine, 
whatever the temiierature, when the vapor is of suflicient density to give the 
maximum luminosity. 

^ Wied. Anil., 65, J79 (1898). 
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was heated by the current inside a tube filled with iodine 
vapor. The luminescence of the iodine vapor begins at about 
550° and is stronger the denser the vapor, thus corresponding 
to the absorption. Bands can only be detected at densities 
below about 1.4 (with reference to air), and are very hard to 
see because the intensity of the glow spectrum is then very 
low. 

“If the temperature of the vapor is raised, the intensity 
of the glow spectrum first increases, then becomes constant, 
and begins to decrease perceptibly above 700°. With the 
closed apparatus previously described it was not possible to 
go much above 800°, since the packings then ceased to hold 
and the iodine diffused out extraordinarily rapidly. By 
means of the platinum spiral it is possible to obtain the glow 
spectrum at still higher temperatures. One then has to deal 
with the absorption of the cooler iodine vapor near the walls 
of the tube and possibly with reactions between platinum and 
iodine. Nevertheless, there is undoubtedly a decrease in 
emissmty with rising temperature. With the change in the 
intensity and in the appearance of the glow spectrum there is a 
completely parallel change in the absorption spectrum and the 
intensity decreases with rising temperature. I have not been 
able to make either the glow spectrum or the absorption 
spectrum disappear entirely. 

“The glow spectrum is especially interesting because this 
is one of the few cases where one can obtain a visible spectrum 
merely by heating a gas. It has therefore been used by 
Ebert, Kayser, and Smithells as an argument against Prings- 
heim in the discussions over Pringsheim’s paper on Kirch- 
hoff’s law. Ebert and then Pringsheim, however, raised the 
point that an explanation might be found in the dissociation 
of iodine which increases with rising temperature.' 

“My experiments lead me to reject this explanation and 
to conclude that the glow spectrum is a true temperature 

’ .Since Wngsheim limited his conclusions explicitly to line spectra (Wied. 
Ann., 51, 441 (1894J), the glow spectrum has nothing to do with the case (cf. 
Paschen: Wied. Ann., 52, 228 (1894). 
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emission. Since the glow spectrum can be obtained over a 
continuous range of temperature, it cannot be due to a com¬ 
plete dissociation taking place at a definite temperature. If 
the glow is due to a continuous dissociation and recombination 
of the same number of molecules, its intensity must be pro¬ 
portional to the number of decompositions and will therefore 
reach a maximum w^hen the vapor is half dissociated. I'he 
falling off of the emissivity begins, however, much below this 
limit and seems to indicate that the glow spectrum is furnished 
by the same undecomposed molecules which give the ab¬ 
sorption spectrum. The glow spectrum decreases as they 
decrease.” 

While it seems to be fairly well established that such 
colored gases as iodine and sodium emit light when heated, 
Smithells and Dent* ‘‘found it impossible to render cyanogen 
incandescent at the highest temix^rature obtainable in a tu1)e 
furnace.” 

Stark “ considers that one may have an incandescence 
due to electrical or chemical causes, and that such an in¬ 
candescence will not follow KirchholT’s law. He believes 
that line spectra are due to collisions between positively 
charged atoms and negative electrons, univalent mercury 
ions giving the first line spectrum of mercury, and bixalent 
mercury ions the second line spcrtrum of mercury Stark 
b(‘lieves that a band spectrum is obtained when positively 
charged atoms unite with a negative electron. Thus there 
should be one band spectrum when l)ivalcnt mercury ions 
change to univalent mercury ions, and another spectrum when 
univalent mercury ions change to electrically neutral mercury 
atoms. 

The question as to the luminescence of gases has been com¬ 
plicated unnecessarily by people having insisted entirely on a 
thermal luminescence, such as they say vfQ have with solids, 
or entirely on chemiluminescence. In the case of solids we have 

' Jour. Chem. vSoc., 65, 609 (1894). 

* Dnide’s Ann., 14 ^ 532; 16, 511, 513 (i 9 <> 5 )- 
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chemiluminescence whenever we have phosphorescence. As 
we approach black body radiation for a solid or a liquid, we 
approach complete thermal luminescence. With gases we 
should expect to get thermal luminescence in all cases and 
chemiluminescence in some cases. If we have a practically 
colorless gas, we are very far from black body conditions 
and the thermal luminescence should be correspondingly 
small. “A substance that remained absolutely transparent 
at the highest temperatures would never glow.”' Wood- 
says that “very few cases are known in which visible radia¬ 
tions can be obtained by merely heating a gas or vapor. An 
immense amount of work has been done by Pringsheim and 
others in endeavors to obtain a luminous emission from gases 
as a result of high temperature alone. Efforts in this direction 
have been, almost without exception, in vain, and Pringsheim 
came to the conclusion that, at least for temperatures which 
could be commanded in the laboratory, gases remained dark.” 

The two striking cases of luminescence on heating are 
iodine and sodium, both giving vapors with high absorption, 
which should give relatively high thermal luminosity. Less 
luminescence is obtained with chlorine, .sulphur, selenium and 
arsenic,’ substances which absorb less .strongly in the visible 
spectrum than iodine or sodium, and more strongly than 
hydrogen, nitrogen, carbon dioxide, or water vapor. We 
should therefore expect to get a lumine.scence from hydrogen 
at any moderate temperature only when a chemical reaction 
of some sort is taking place, including ionization, of course. 
This is the conclusion reached by some of our prominent 
physicists.'* “Hydrogen gas, under ordinary conditions, can 
be regarded as the most transparent substance known. Even 
the very short waves discovered by Schumann, which are 
powerfully absorbed by other gases, are freely transmitted by 
pure hydrogen. Hydrogen gas in the sun and stars shows 

* KirchhofT: Pogg. Ann., 109, 293 (i860). 

* ‘'Physical Optics,” 597 (1911). 

* r^vershed: Phil. Mag., [5] 39, 465 (1895). 

* Wood: "Physical Optics,” 433 (19ii). 
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strong absorption lines, coincident with the emission lines 
seen when the gas is excited by electrical discharge in vacuum 
tubes. Many attempts have been made to determine the 
conditions necessary for the exhibition of absorption in the 
laboratory. Various observers have recorded seeing the red 
hydrogen line reversed in the spectrum of hydrogen tubes, 
but it is only within the last year or two that the exact condi¬ 
tions necessary for the exhibition of the plienomenon have been 
determined. The absorption only takes ]:)lace while the gas 
is in a condition of luminescence, i. c , while it is excited by the 
discharge. Pfluger^ used as a sourct* of light a cajhllary tube 
filled with hydrogen at low pressure, excited by powerful 
discharges from an induction coil with Le\'den jar^ in the 
secondary circuit. The light from this tub(‘ was passed 
through a wider tub.e, also containing hydrogen at low pressure 
and jfiaced in the same electrical circuit. By this arrange¬ 
ment the emission <h' light by the source was confined to the 
monu'nts during which the gas in the wider tube was in a condi¬ 
tion to absorb. The red line w’as seen distinctly reversed. 
vSoon after, Ladenberg and Loriar using a similar arrange¬ 
ment, reversed both the red and green lines, and obtained 
photographs showing the selective dispersion and magnetic 
rotation in the vicinity of the red line 

“This experiment shows that the passage of an electrical 
discharge through hydrogen gives rise to the formation of 
dispersion electrons, which are not present in the gas normally. 
Hydrogen, then, when ionized, or brought into a state of 
luminescence by the electrical discharge, has cpiite different 
optical properties from ordinary liydrogeii. Sodium vapor 
possesses these properties normally, in the absence of any 
electrical stimulus, and probably in the absence of any excita¬ 
tion coming from without, though it is possible that an ioniza¬ 
tion necessary for selective absorption and dispersion results 
from the passage through the vapor of the light necessary 

^ Drude's Ann., 24, 515 (1907)- 

® Verh. deutschen. phys. Ges., 10, 858 (1908) 
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for observing the phenomena. The dispersion does not, 
however, depend upon the intensity of the transmitted light, 
which shows that the effect is very small, if it exists at all.” 

While sodium niu.^t give some thermal luminescence, it 
does not follow at all that we may not be dealing in part with 
chemiluminescence. The preceding paragraph suggests this 
possibility. The following quotations show that Wood* goes 
quite a bit farther. 

“The greater part of the evidence which we have obtained 
thus far regarding the structure of the atom indicates that the 
centres of vibration which emit the spectral lines are negatively 
charged corpuscles. The positive charges appear to be 
associated with the atom as a whole, and the assumption is 
often made that the positive electrification is of uniform 
distribution. The Zeeman effect shows us that the D lines 
of sodium are due to vibrators carrying negative charges, a 
fact which is true of all other lines which show the effect. 
That a negative charge is associated with the centers of vibra¬ 
tion which emit the D lines is also shown by the direction 
(positive) of the magnetic rotation of the plane of polariza¬ 
tion, for waves of very nearly the same frequency as that of the 
D lines. As is well known, most band spectra do not show 
the Zeeman effect at all, consequently we are unable to apply 
this test to the investigation of the nature of the charge 
associated with the centres of emission of the lines of which the 
bands are made up. Quite recently Dufour has observed 
the effect in some band spectra as we have seen. Some of the 
lines which make up the complicated channelled absorption 
spectrum of sodium vapor have been found by the author to 
have the power of rotating the plane of polarization when the 
light is passed through the magnetized vapor in the direction 
of the lines of force.... 

“ It looks very much as if the different lines of the principal 
(Balmer) series and their accompan)dng channelled spectra 
may be considered as produced by different entities. The 


' “Physical Optics,” 537, 579 (ign). 
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enormous increase in vapor density necessary to bring out the 
higher members of the series may perhaps be ascribed to the 
possible circumstance that the entities producing them are 
present in smaller numbers. It appears to me that there 
are two hypotheses which we may make: First, that the 
Balmer lines and their accompanying spectra are caused by 
atoms which have lost one, two, tlircc, four, etc., electrons. 
Secondly, that they are produced by aggregates or complexes 
of one, two, three or more atoms. In either case it seems 
probable that the members would be present in continuously 
increasing numbers ” 

If sodium vapor, when heated, breaks up into smaller 
aggregates or loses electrons we have chemical reactions in the 
broader sense of the word which may or may not give rise to 
light, since we know that all reactions emit light when the 
reaction velocity is sufficiently high.' 'I'lie problem is, then, to 
distinguish the chemiluminescence from the thermal lumines¬ 
cence. If the intensity of the light emitted is greater than the 
intensity of black body radiation for the same wave-lengths 
at the same tcnipc'rature, we must be dealing with chemi¬ 
luminescence. The converse is not true,* though it is ap- 
})arently considered true by many physicists who consider that 
they have established the existence of a purely thermal 
luminescence wffien they show that the intensity of light 
emitted by a fairly transparent body is not greater than the 
intensity of black body radiation. As soon as the error of this 
reasoning is seen, it is also clear that quantitative measure¬ 
ments of intensity of light are only occasionally of value for 
this problem until there is a better agreement as to what the 
intensity of the thermal luminescence of a fairly transparent 
substance should be at any given temperature.* 

Fo^j the present, the most satisfactory line of attack 
seems to be to guess at the reactions taking place in any given 

* Bancroft: Jour. Franklin Inst., 175, 129 (1913)- 

* Kayser: “Handbuch der Spectroscopic,’ 2, 182 { 1902 ). 

’ Ibid., 2, 38 (1902); Wood: ‘'Physical Optics,” 594 (i 9 i 0 - 
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case and then to determine to what extent these reactions 
account for the light actually emitted.* Whatever light 
cannot thus be accoitnted for can be called thermal lumines¬ 
cence for the time being. If one is going to proceed along these 
lines, care must be taken to distinguish between the light 
actually emitted by the system and the light which reaches 
the eye, because the light may have been modified by passing 
through a colored medium in the flarne, the arc, or the vacuum 
tube. Mitscherlich^ calls attention to this source of error. 
“If an excess of a substance be added so that the vapor f)e 
not heated sufficiently, and if the substance be one which gives 
a spectrum containing only a few lines, so that an absorption 
spectrum is readily obtained, one gets the absorption spectrum 
because the brilliant light from the centre of the flame passes 
through the surrounding vapor of the substance. One gets 
this phenomenon when sodium bums or when one volatilizes 
a great deal of sodium in a hydrogen flame. The easiest way 
to study it is to add varying amounts of iodine to a hydrogen 
flame. If only a little iodine is added, one sees the new 
spectrum which I discovered; with an excess of iodine in the 
flame, the absorption spectrum is obtained. The centre 
of the flame is white hot and this light passes through the iodine 
vapors which absorb a portion of it just as is the ca.se if one 
looks through iodine vapor at a candle flame.” 

Wood’ calls attention to the effect due to absorption in 
the case of hydrogen and to the effect due to suspended particles 
of sodium. “An observation recorded by the author several 
years ago enables us to show the absorbing power for hydrogen 
gas for light of a wave-length corresponding to that of the red 
line without the aid of any special apparatus. A vacuum tube 
is arranged for end-on observation having a bore of about 
3 mm. The pressure of the hydrogen should be 6 or 7 mm 
and it should be excited by a large induction coil with a spark 

* Cf. Kayser: “Handbuch der Spectroscopic/' 2^ 159 (1902). 

2 Pogg. Ann., 121, 487 (1864); cf. Wiillner: Ibid., X20, 164 (1863): Wicd. 
Ann., 8, 599 (1879). 

® "Physical Optics,” 446, 639 (1911), 
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gap in the circuit. It will be noticed that the color of the dis¬ 
charge, seen through the side of the tube, is rose-red, but a 
bluish white when viewed end-on. This is due to the fact 
that the long column of glowing gas exercises a powerful 
absorption for the light of the red line, and little or no ab¬ 
sorption for the other rays. That the dependence of color 
upon the direction in which the observation is made is not a 
result of the difference of total intensity can be shown by 
viewing the end-on discharge through a pair of Xicol prisms 
by which the intensity can be reduced until it is equal to that 
of the discharge, seen through the side of the tube. . 

“Allusion has been made to the deep violet light scattered 
by a condensing cloud of sodium vapor. The author has 
frequently observed that the color of the light transmitted 
through the sodium tubes, in the experiments upon the optical 
properties of the vapor, was colored a deep yellow instead of 
blue, as is usually the ca.se. It was difficult to understand 
this at first, since the v'apor is perfectly transparent to blue 
light, and somewhat less so to yellow-green light. The cause 
w^as finally found to be a scattering of the violet and blue rays 
by the fog of condensing v^apor, which was so pow^erful that 
none of these rays was transmitted. The phenomenon was 
investigated further with the large tube u.sed in the experi¬ 
ments on fluorescence, some potassium being introduced into 
the retort. The light from the arc w^as focussed about 20 
cm in front of the retort and the tube powerfully and rapidly 
heated by a blast lamp. Under this condition the v apor is 
puffed out in clouds from the aperture of the retort, and the 
condensing clouds are most wonderfully colored, red and orange 
predominating. It was found that if the heating w^as care¬ 
fully regulated, a steady state could be maintained in wdiich 
the fog scattered red light at the outer boundary, where the 
cone of rays entered it, yellow a little further in, and green at 
the point where it was first forming and where the cone of 
rays passed out into the vapor in which it was of course in¬ 
visible. The cone of rays .seen from the side, which can be 
accomplished by looking in at the edge of the glass window, 
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resembled a spectrum, the blue end of which was wanting. 
A potassium fog thus scattered longer waves than a sodium 
fog, and the scattering power is confined to a comparatively 
narrow region of the spectrum, which apparently varies with 
the size of the particles in the fog. It is probable that we are 
dealing with something analogous to the granular deposits of 
these metals already described.” 

A few words are perhaps necessary in regard to the 
assumption, made by Smithells,^ that the temperature of the 
hydrogen flame is about 6655 ° and that of the carbon monoxide 
flame about 7180°. The temperature, calculated from the 
heat reaction and from the specific heats, can be reached only 
in case there is no conduction of heat away from the reacting 
system and in case there is no dissociation. To speak of per¬ 
centage dissociation in case of a single molecule seems to mean 
nothing at all; on the other hand it is quite certain that the 
temperature of a single molecule cannot rise to that at which 
complete dissociation takes place no matter what the heat of 
reaction is. All calculations like that of Smithells are there¬ 
fore of doubtful accuracy.- There is a more serious ob¬ 
jection to the calculation. Even if we admitted that portions 
of the flame reached 6000°-7000°, these portions cannot heat 
an added substance to any such temperature.'* Therefore we 
cannot postulate any 6000° for sodium chloride added to the 
flame; and yet there seems to be no fundamental difference 
between the behavior of sodium chloride and that of other 
luminous gases. It seems also as though too much stress 
has always been laid upon the apparent contradiction that a 
candle flame will melt platinum and will not melt sodium 
chloride. Either the candle flame will melt a bead of sodium 
chloride having the same diameter as the thin piece of plat¬ 
inum, or the platinum wire acts as a catalytic agent and raises 
the temperature of the flame at that point. This latter sug- 

* Phil. Mag., [5J 37, 250 (1894). 

* Liveing and Dewar only claim 3000® for exploding gases. Phil. Mag., 
I5] 18, 172 (1884). 

* Cf. Liveing and Dewar; Proc. Roy. Soc., 44, 244 (188S). 
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gestion has been made by Baikoff; but Haber claims that the 
facts do not warrant this.^ 

In the preceding paper- we have shown that metallic 
salts are dissociated more or less in the Bunsen flame or the 
oxyhydrogen flame, so that the free metals are present in the 
flame. Light may be emitted by the reactions setting free 
the metal or oxidizing it or both. We have made a qualita¬ 
tive experimental study of the behavior of tin salts and of 
copper salts in the flames, and we hope that this will show 
the value of the method. Eventually, quantitathe mea- 
urements will have to be made; but this cannot be done 
satisfactorily until we know the reactions which are taking 
place. 

Speaking of the spectrum produced b\' tin salts, Salet'' 
says : 

“When a very little stannous chloride is volatilized in a 
current of hydrogen and the latter ignited, the flame is colored 
blue. h\nnes of stannic oxide are formed which make the 
edge of the flame white. Lhe core of this flame is composed 
of two concentric cylinders, the inner one of which is !)lue and 
the outer one faintly colored carmine. One can analyze these 
different colored liglits separately without luodihing tluir 
stale. It is sufficient to focus the image of the flame on the 
slit of the spectroscope.” 

Salet gives a photograph of the sjiectrum olitained and 
has measured some of the characteristic lines. He says. 
“The inner cylinder gives a continuous spectrum iwith a max¬ 
imum in the blue); the red cylinder gives a single line at 610 
and a diiTuse baud at 618. The position of the line coincides 
with the lithium fS. The outer, blue portion of the flame 
gives a band spectrum. 

“If the flame is cooled by introducing a cold object, 
there is obtained near the cold body a beautiful red colora- 

' Haber: '‘Thermodynaiuik technischcrGasrcaktioneii,” 279 (1905) Cf 
Kayser; *‘Handbuch der Spectroscopic,’’ 2, 161 \i902). 

* Bancroft and Weiser: 18, 213 (19H)* 

* Ann. Chim. Phys., [4I 38, 5 (1873). 
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tion.... When the bromide is used instead of the chloride, 
or when a drop of bromine is placed in the chloride flame, 
the inner cylinder previously colored blue becomes a clear 
green without the [outer portion of the] flame itself ceasing 
to be blue and to give the spectrum preAuously described. 
The green cone gives a continuous spectrum. 

“In the cooled flame the green color appears in imme¬ 
diate contact with the cold body and with a brightness that 
might be mistaken for phosphorus if the spectrum were not 
examined. Near the green layer and in the less cold region, 
the red color appears, giving the bright line at 6io. The 
iodide of tin gives similar results. The innermost cone is 
yellow and its spectrum is continuous as with the chloride 
and bromide. 

“The results of these experiments show that the differ¬ 
ent volatile compounds of tin introduced into the flame of 
hydrogen each give three spectra, two of which are common 
to all. The first spectrum is obtained in a reducing atmosphere 
when the temperature is only moderately high. This is per¬ 
haps the primary spectrum of tin and is characterized by the 
small band at 6io. The second spectrum is obtained at the 
highest temperature and in the zone of combustion. It is 
due to the oxide of tin and is characterized by the band spec¬ 
trum rich in lines. The third spectrum is obtained in the 
innermost region where the temperatme is low. It is a con¬ 
tinuous spectrum and varies with the salts employed, being 
blue with the chloride, green with the bromide and yellow 
with the iodide.” 

In order to check up the work of Salet and to make any 
additional observations, the following experiments were per¬ 
formed: 

Tin Salts in the Hydrogren Flame 

Stannous Chloride .—A piece of hard glass tubing a half 
inch in diameter and a foot long was drawn out to a jet which 
was turned up at a right angle to the tube. The end was tipped 
with platinum so as to prevent contamination of the flame by 
the materials of which the glass was composed. A little porce- 
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lain boat containing anhydrous stannous chloride was placed in 
the tube; hydrogen was run in and lighted at the jet. I'he 
boat containing the salt was heated gently, and the salt was 
vaporized and carried into the flame. The small innermost 
cone is colored blue and is surrounded by a bright red cylin¬ 
der. Outside of this is a cone of a light green color, strikingly 
similar to the light green coloration obtained so frequently 
in the succeeding experiments on direct union. I'he upper 
portion of the flame is blue in color. When there is not too 
much of the salt present the color is more of a reddish blue, 
due to the carmine color that diffuses uj) through the flame. 
If the amount of chloride becomes still less, the flame is colored 
only slightly and the carmine predominates. If, at this point, 
the flame is cooled by allowing it to impinge on a cold porce¬ 
lain tube, the feeble carmine becomes a beautiful bright red 
in the region of contact I'his may be shown even more 
strikingly by holding the cold tube vertically in the inner 
reddish region of the flame. The carmine brightens up and 
is seen as a separate and distinct flame unmarred by any blue- 
green coloration 'I'he red luminescence obtained in this 
way is far more striking then one would suppose from vSalet's 
account, being even more brilliant than the red flame of lith¬ 
ium. The lower }K)rtion of this flame has a reddish yellow 
appearance and the edge is more of a yellowish white, due 
to the excess of salt and to the stannic oxide formed. 

The flame was examined with the spectroscope and was 
seen to be composed of bright bands, the clearest and sharpest 
of which are in the blue-green portion. 

Stannous Bromide.- If the bromide of tin is fed into the 
hydrogen flame just as the chloride was, the innermost cone 
is distinctly more of a blue-green than in the case of the chlor¬ 
ide. This blue-green portion is surrounded by the red cylin¬ 
der and this in turn by the light green, as was seen with the 
chloride. The upper portion of the flame is blue, but it has 
slightly more of a greenish tinge than was observed with 
the chloride. When the flame containing just a little of the 
salt is cooled, the red is seen strikingly, just as in the preceding 
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case. When examined with the spectroscope, the flame 
appeared very similar to that of the chloride. The same bright 
bands in the blue and green were present. 

Stannous Iodide.—\Jsvng the iodide, the innermost cone 
is greenish yellow. There is considerable green in this flame 
but the upper part is bluish and shows the same spectrum 
as given with the chloride and bromide. By cooling the flame 
containing only a little of the salt, the red luminescence is 
obtained brightly as in the previous cases. 

If there is too much of the salt present in any of the above 
cases when the flame is cooled, the red luminescence is marred 
by blue-green luminescence or yellowish green, as the case may 
be, similar to that obtained in the relatively cold, innermost 
portion of the flame. The cause of the differing colors with 
different salts in the colder portion of the flame will be dis¬ 
cussed later. 

Tin Salts in the Bunsen Flame 

When the salts are introduced into the Bunsen flame by 
means of a platinum wire, results similar to those in the hydro¬ 
gen flame are obtained. The flame of the bromide is more 
markedly bluish green throughout, while that of the iodide 
is distinctly more yellowish throughout than in the hydrogen 
flame. The carmine color is obtained in all three cases. 
The chief difference in the two flames is that the various colors 
are more strikingly separated in the hydrogen flame than they 
are in the Bunsen. 

Luminescence by Chemical Action 

In an attempt to duplicate these more or less separate 
and distinct colors chemically, the following experiments were 
tried: 

Tin and Oxygen or Air. —A small piece of tin was heated 
with a blast lamp, and a jet of oxygen made to impinge on it. 
The metal burned with an incandescent bright flame. The 
flame was so brilliant that it was impossible to dis tin g uish 
any particular color. 

Tin and Sodium Peroxide. — A. small quantity of tin was 
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placed in a porcelain crucible and melted. The surface of 
oxide was scraped off, exposing the bright iiietallic surface. 
On this was dropped a small fpiantity of sodium peroxide. 
There was a flash at first, after which one could see the tin 
burning with a bright, light green liiminescence. The green 
light emitted by this reaction is seen more t'learly by sprinkling 
just a few grains of the ])eroxid(‘ on thi^ fresh surface. The 
sparks formed show a distinctly green coloration. 

Tin and (Idininc.- 'fhe metal was placed in a little boat 
in a combustion tube and heated. Chlorine from a cylinder 
was passed through a wash-l)ottle and then over the molten 
metal. 'I'he latter glowed all over with a greenish yellow 
glow and finally burst into flame, burning up brightly. Near 
the surface of the tin the color of the flame was a sort of 
violet'blue, but the tip of the flame was a decided green. 
The reaction resulted in the formation of stannic chloride. 

Staunon,s ('hlofidc and iltlininv. To show that the 
light green luminescence in the above case was due to the oxi¬ 
dation of stannous to stannic chloride, a fewv grams of the de* 
hydrated stannous chloride were placed in a piece of combus¬ 
tion tubing and chlorine passed over them. The oxidation 
took place without heating. If the chlorine w’as run very 
slowly, light green sjiarks flashed up as the little particles 
of the salt oxidized. If the salt was matted and the chlorine 
passed over it, the wiiolc surface oxidized with a light green 
luminescence. If the chlorine was run in quite fast, tlu‘ flame 
flared up; but the color of the luminescence was marred by a 
yellowish color due partly to the excess of salt picked up by 
the rapid stream of chlorine and partly to the yellow^ color 
which chlorine itself will impart to a flame wiieii it is rim 
into it. This yellow color may be seen hy impinging a sUnv 
stream of chlorine on the very edge of a Bunsen flame. 

7 dn ami Bromine, - Bromine was boiled in a flask and the 
vapors were conducted over the heated tin as described 
above. The tin burned with a flame that appeared reddish 
as viewT^d through the bromine vapor. A light green lumi¬ 
nescence could frequently be seen extending up through the 
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flame, but it can be seen more clearly if the metal is heated 
very hot indeed. When this is done, little fragments of the 
metal spurt up and burn with a distinctly green luminescence. 

Tin and Iodine. —A piece of hard-glass combustion tub¬ 
ing was closed at one end and then bent at a right angle. 
The fused end was filled with iodine. Tin was placed in the 
horizontal portion and was heated about six centimeters 
from the iodine. This heating was sufficient to vaporize some 
of the iodine which attacked the tin, the latter burning with 
a flame. The flame appeared reddish yellow in color as viewed 
through the dense fumes, but unmistakable green flashes 
were often seen. Even after burning for several minutes 
to ensme the removal of all oxygen, the green flashes were 
still visible. 

Tin and iodine were made to combine in still another 
way. About five grams of pure tin were melted in a porcelain 
crucible. While in a molten condition, the film of oxide was 
scraped off exposing the fresh surface, and on this were dropped 
some small pieces of iodine. This reacted vigorously with 
the tin and a little green light could be seen through the red¬ 
dish yellow vapors. If these vapors were blown away bj' a 
gentle current of nitrogen, it was clearly seen that the light 
green luminescence was emitted at the reacting surface and 
was the result of the union of tin with iodine to form stannic 
iodide. 

Stannic Oxide and Oxygen. - When stannous oxide was 
heated in a current of oxygen, it burned to stannic oxide. If 
the oxygen were allowed to run in fast, so that very rapid 
oxidation took place, the stannic oxide became heated to in¬ 
candescence and the color of the luminescence was obscured. 
If, on the other hand, the stannous oxide were heated more 
gently and the stream of oxygen cut down so that the reac¬ 
tion proceeded more slowly, the light due to incandescence 
was not so marked and flashes of a distinctly light green 
color could be seen creeping along the tube. It is evident 
that this greenish luminescence is the characteristic color 
emitted by the oxidation of stannous to stannic oxide. 
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Hydrogen Idamc impinging on Metallic Tin .—A piece of 
chemically pure sheet tin was placed on a piece of iron and a 
small hydrogen flame was made to impinge upon it. In a 
short time a thin layer of the rnetal was heated almost to the 
melting point and then the flame was moved slowly back 
and forth over the heated area. In the flame at the very sur¬ 
face of the tin ccjuld be seen the characteristic bright red 
luminescence that was noted so strikingly when volatile tin 
salts were placed in the flame. This red light was seen only 
in the distinctly reducing atmosphere near the surface of the 
metal. Above it. in a more oxidizing region, the red gave 
place to the light bluish green luminescence. Particles of 
tin flew up into the flame and became incandescent, but this 
did tK)t prevent the two separate and distinct colors V)eing 
seen clearly. At the surface of the sheet tin, where the atmos¬ 
phere was reducing and where metal was in excess, the reac¬ 
tion from metal to stannous tin was jiractically the only one 
taking place. In the region above this the o.xidation from 
stannous to stannic tin was com})lete. 

Experiment'^ on Rednciion -When some tin salt, such as 
the chloride, is placed in the Hunsen or hydrogen flame, 
there is a partial dissociation of the salt into its elements.' 
This may be shown e\{>erimentally by introducing a cold ob¬ 
ject into the hottest ])ortion of the flame into which the tin 
salt has been placed. A mirror of metallic tin may readily 
be precipitated. The metal that is set free by dissociation 
is continuall)' recombining, and the f)revious experiments 
show that the reactions involved in this combustion emit 
light. Salet observed the pre.sence of stannic oxide in the 
periphery of the hydrogen flame when a tin salt was introduced 
into the flame. The oxide is clearly seen as a white or yellow¬ 
ish white envelope around the flame. That the brownish 
stannous oxide is present as an intermediate product in the 
complete oxidation may be verified by precipitating a film 
on a cold tube held well within the flame. 


' Bancroft and Weisor Jour. Phy.s Chern., 18, 21.1 (1914). 
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It was thought that perhaps the reverse reaction, of reduc¬ 
tion or dissociation, might emit a characteristic light, and the 
following reactions were tried; Anhydrous stannous chloride 
and aluminum were ground together and heated. Reduction 
took place rapidly. The rate of the reaction was varied from 
almost an explosion to just a slight flash by varying the rela¬ 
tive amounts of the constituents, but no characteristic lumi¬ 
nescence was obtained. Anhydrous stannic chloride was ground 
finely and mixed with an equivalent amount of finely ground 
calcium carbide.' In order to prevent the carbon set free in 
the reaction from burning and giving a colored flame, the mix¬ 
ture was placed in a porcelain boat in a tube and nitrogen 
passed over it. On heating this mixture, reduction took place 
rapidly and metallic tin was formed. There was, however, 
no characteristic luminescence. 

From these results and from analogy with Smithells’ 
experiments on copper, which will be given later, it seems that 
the reactions of reduction or dissociation are not the important 
ones in causing the luminescence when tin salts are introduced 
into the flame. The data at hand may be summarized thus: 

1. The carmine color is produced in the flame with all 
the different volatile compounds of tin and with the metal 
itself. It is obtained most strikingly as a distinct bright 
red Cylinder in the reducing portion of the hydrogen flame 
and is particularly marked when the flame is cooled. 

2. The carmine color is obtained at the surface of a sheet 
of metallic tin when the latter is burned by impinging a hydro¬ 
gen flame against it. 

3. The light green to blue color is obtained in the hot 
oxidizing region surrounding the region in which carmine is 
the characteristic luminescence. Viewing the flame with 
an ordinary spectroscope, the light is found to l>e made up 
chiefly of bands, the brightest of which are in the green and 
blue-green portion. 

4. When tin is burned by impinging a hydrogen flame 


^ von Kugelgen: Zeit. Ekktroebemie, 7, 541 (1901}. 
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against it, a light green luminescence is obtained in the strongly 
oxidizing region above the cooler reducing region where the 
carmine luminescence predominates. 

5. 1 he halides give a color in the innermost region of the 
flame that is fundamentally blue-green in color but is modi¬ 
fied considerably by the specific salt employed. 

6. Tin + Oxygen fsodium peroxide) = Light green. 

7. Tin 4- Chlorine = Bluish violet to green. 

8. Stannous chloride + Chlorine = Light green. 

Q. Tin 4 - Bromine = (ireen. 

10. Tin + Iodine = Light green (yellowish’). 

11. Stannous Oxide + Oxygen = Light green * 

12. Tin salts introduced into the flame are dissociated 
to a greater or lesser extent into the elements. 

13. The direct reactions of oxidation, rather than the re¬ 
verse ones of reduction or dissociation, are res])onsible for the 
characteristic luminescence 

With these data the following explanation of the reac¬ 
tions producing a part at least of the different colors in the 
“tin” flame is suggested as most probable: 

It is evident that the reactions eniittijig the light in any 
specific flame are going on all the time and that it is the sum 
of these light effects that the eye sees. I'or example, two re¬ 
actions A and B are resjKmsible for the light emitted in a cer¬ 
tain flame, reaction A alone giving a red light and reaction B 
alone giving a green light If the conditions in a certain region 
of the flame are such that reaction A is more energetic than 
reaction B we should ex{)ect the effects of B to be hidden to a 
greater or lesser extent by the predominating effect of A. 
In accord with this assumption, the resulting color at this 
point w’ould be chiefly red. If, on the other hand, reaction 
B is the predominating one. the small amount of red is hidden 
and in this region we get a green coloration chiefly. When 
neither reaction A nor B predominates, a luminescence is 
obtained that is a combination of the two light effects. The 
presence of any colored sub.stance in the flame will of course 
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have its effect in modifying the specific color of the light due 
to the reaction. 

The following reactions are going on in the “tin” flame 
and from the data offer a most probable explanation of a large 
portion of the luminescence obtained: 

1. Reaction of metallic tin to stannous ion (or stannous 
salts) = Carmine luminescence. 

2. Reaction of starmous ion to stannic ion (or stannic 
salts) = Light green luminescence. 

Since metallic tin gives a characteristic arc spectrum 
in hydrogen, it seems better to assign the carmine lumi¬ 
nescence temporarily to the reaction Sn —► Sn' and the 
light green luminescence to the reaction Sn ' —► Sn 
In a later paper we hope to be able to show what part, if any, 
of the luminescence is due to the reaction from stannous ion 
or stannic ion to undissociated salt. 

The Carmine Luminescence 

The carmine light is obtained in all “tin” flames but is 
most striking in the region that is but slightly oxidizing. It 
may be secured almost entirely unmarred by the bluish green 
luminescence characteristic in the strongly oxidizing zone. 
By cooling the flame, the carmine luminescence is markedly 
increased. Since stannic oxide is the stable form at the high¬ 
est temperature of the flame, it would be expected that the 
combustion of the metal would be complete and that the green 
luminescence in the hot oxidizing zone would predominate 
over the red. On the other hand, in the cooler, less strongly 
oxidizing region we should expect stannous oxide to be formed 
momentarily in considerable amounts and the light emitted 
by the intermediate reaction from metal to stannous tin to 
predominate. It may be shown, as a matter of fact, that 
stannous oxide is formed in the region of the flame where red 
predominates, by precipitating a film on a cold tube. A 
further proof that the red luminescence is produced by the re¬ 
action from metal to stannous tin is obtained when tin is 
burned by impinging a hydrogen flame on sheet tin. At the 
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surface where tin is in excess and where the flame is but 
slightly oxidizing and relatively cool, tin burns to stannous 
tin with the red luminescence, while in the most strongly 
oxidizing region, just above the surface, the blue-green lumi¬ 
nescence appears. 

All the above facts are in direct accord with the assump¬ 
tion that the reaction from the metal to stannous tin gives the 
red or carmine luminescence, while the further oxidation to 
stannic tin gives the light green coloration. 

The Light Green Luminescence 

When tin was made to combine slowly with oxygen or 
with the halogens the characteristic color was a light green 
and the final product was a stannic salt. Furthermore, 
when stannous oxide was burned to stannic oxide, either di¬ 
rectly or by impinging a hydrogen flame against tin, a light 
green luminescence w^us observed. A similar color was ob¬ 
tained when stannous chloride was oxidized to stannic chloride 
by passing a slow current of chlorine over the anhydrous salt. 
This is in accord with the assumption that a light green 
luminescence is emitted when stannous tin reacts to form 
stannic tin. It is evident from the data on direct union 
that, when a stannic salt is formed, the color emitted by the 
reaction from metal to stannous tin is masked by the pre¬ 
dominating green. 

Since we know^ that stannic oxide is formed in large 
amounts in the flame we should expect the flame to emit con¬ 
siderable green luminescence. As a matter of fact a light 
green cylinder surrounds the carmine cylinder in the hydro¬ 
gen flame. The spectroscope shows bright bands in the green 
and the blue-green portion. When there is considerable salt 
in the flame, the upper portion, particularly, appears to the 
eye blue rather than light green. This may be due to one of 
two things: either there is another reaction which we have not 
identified and which gives a luminescence with a maximum 
in the blue, or what is more probable, in view of our present 
experimental evidence, the presence of substances in the flame 



320 


Wilder I). Bancroft and Harry B. Weiser 


may modify the color of light emitted by the fundamental 
reaction. The great importance of this latter factor on the 
color of the light we see, when certain salts are introduced 
into the flame, seems to have been overlooked to a large ex* 
tent. That it is an important factor and one that cannot 
be neglected, may be shown by the following experiments 
and observations: 

When the chloride of tin is introduced into the Bunsen 
flame by means of a platinum wire, the predominating color 
is blue throughout, while it is green throughout with the 
bromide. Attention has already been called to the thermal 
dissociation that takes place when tin halides are brought into 
the flame. The free halogen being colored to a greater or 
lesser extent we should expect it to modify the color of the 
light emitted by the fundamental reactions taking place in 
the flame. That this is true may be readily shown experi¬ 
mentally. Into a glass cell about three inches square and one- 
half inch thick, a small amount of liquid bromine was placed. 
This vaporized and partly filled the cell with bromine fumes. 
The cell was then set close to and on a level with a Bunsen 
flame colored blue with stannous chloride. Looking at the 
flame through the thin layer of bromine vapor, the blue gives 
place to a decided green. This is exactly in accord with what 
we should expect. Another example is seen in the case of the 
iodide of tin. When this salt is introduced into the Bunsen 
flame, the flame is colored yellowish with some green. When 
iodine vapor acts on metallic tin the flame is reddish yellow 
with occasional flashes of green. If, however, a crystal of 
iodine is dropped on a piece of melted tin and the excess of 
iodine vapors blown away, so that the light emitted by the di¬ 
rect action of tin with iodine may be closely observed, it is 
found not to be yellowi.sh but distinctly greenish. The yel¬ 
low color of the iodide itself is doubtless the most important 
factor in masking the green luminescence. 

These experiments serve to show the unquestioned in¬ 
fluence of colored material in the flame on the color of light 
emitted. The difference between the so-called ‘'chloride,'’ 
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“bromide,” and “iodide” spectra, while not wholly, are at 
least partially due to this effect. The effect of the presence 
of halogen may he threefold. 

r. The specific color of the free halogen, independent of 
anything else. 

2. The screening effect of the colored substance which 
would modify the color of light emitted by the fundamental 
reactions. 

3. The reactions of the heated halogen itself. Thus the 
reaction from ion to molecule of halogen or the reaction of halo¬ 
gen with the constituents of the flame. We have marked 
experimental evidence of such an effect in the case of heated 
iodine vapor. 

This brings us naturally to a discussion of the specific 
colors obtained in the relatively cool inner portion of the flame 
when the tin halides are introduced into it. With the chloride 
this is blue, with the bromide green, and with the iodide yel¬ 
low. From the above experiments these are exactly the 
differences in the three flames which we should predict. The 
salts are dissociated in part at a relatively low temperature 
and the free halogen unquestionably has an effect. This is 
most marked at the lower temperature of the inner cone or 
in direct contact with the cold tube when there is considerable 
of the salt present in the flame. The color of the undissocia¬ 
ted salt will also have an effect that will naturally be most 
marked in the coolest portion of the flame where dissociation 
is not complete. 

In the blue portion of the “tin” flames the chief effect 
of colored substances other than the halides will be brought 
about by the vapors of tin oxides and especially of metallic 
tin itself, since the latter is present in considerable (juantity. 
Lockyer and Roberts* have shown that tin vapors have a dis¬ 
tinct absorption in the blue and this would account for the 
luminescence, where tin vajwr is present, being rather more 
blue than light green, as the reactions on direct union would 
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indicate. Further evidence of this may be shown by holding 
the cooled porcelain tube vertically in the blue portion of the 
flame when not too much salt is present. A film of tin oxide, 
tin, and non-dissociated salt forms slowly and the whole 
flame takes on more of a light green than of a blue appear¬ 
ance. 

So far we have considered the luminescence of the rela¬ 
tively cooler inner cone, only to show how the fundamental 
light green or blue-green luminescence was modified by the 
presence of a specific halogen or salt. We have not yet con¬ 
sidered the reaction producing the blue-green luminescence. 
This must evidently be due to the reaction from stannous 
to stannic tin. In order to account for this reaction we have 
to postulate that the stannous salt (volatilized into the flame 
directly or formed by reduction of stannic salt) does not dis¬ 
sociate entirely in this region, but under the existing con¬ 
ditions reacts partly to form tin and stannic salt. If this as¬ 
sumption be true, then the reaction to stannic salt in this 
region ought to be prevented by the addition of a suitable 
reducing agent, and no blue-green luminescence whatsoever 
should be obtained. This is exactly what was found to be 
the case when a very little formaldehyde vapor was intro¬ 
duced along with the hydrogen. The experiment was carried 
out as follows: The two parallel arms of a Y-tube were at¬ 
tached to two pieces of combustion tubing each about Vs 
inch in diameter and 8 inches long. The other arm was bent 
at a right angle, drawn out to a jet, and tipped with platinum. 
A small porcelain boat containing some stannous chloride 
was placed in one of the pieces of combustion tubing and 
a few drops of water were placed in the other. Hydrogen from 
a cylinder was conducted through both pieces of combustion 
tubing and lighted at the jet. A pinch-cock was placed on 
the piece of rubber tubing which conducted the hydrogen 
into the tube containing the water. The flame was changed 
neither in size nor shape by opening and closing this pinch- 
cock. With the pinch-cock closed, the flame was colored by 
volatilizing some of the stannous chloride. On opening and 
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closing the pinch-cock the appearance and structure of the 
colored flame remained unchanged. The water was then boiled 
and the vapor carried into the flame along with the stannous 
chloride. All of the.se blank tests showed no change whatso¬ 
ever in the character of the original flame. Finally, the water 
was replaced by two or three drops of a solution of formalde¬ 
hyde. This was heated ver^*^ gently and the pinch-cock 
alternately opened and closed. The blue-green luminescence 
in the inner cone disappeared completely when the pinch- 
cock was opened and reappeared when it was closed. A 
minute amount of formaldehyde was sufficient to prevent 
the oxidation and the accompan\ing luminescence. 

('onclusion. The above experiments show that certain 
reactions are going on in the tin flame and that these reac¬ 
tions are accompanied by a characteristic luminescence. No 
claim is made that the reactions from metal to stannous ion 
and the further oxidation to stannic ion are the only ones that 
emit light, but it has been proven that these are fundamental 
The reactions from the ions to the undissociated salts unques¬ 
tionably have some effect, as has been intimated in the above 
discussion. We hope to show the extent of this effect by 
subsequent investigation on electro- and cathodo-lurnincscence. 

Experiments with Copper Salts 

When co])per halides are placed in the flame, results are 
obtained similar to those when tin halides are employed. 
If the chloride is introduced into the Bun.sen flame by means 
of a platinum wire there is seen to be a yellowish light in the 
immediate vicinity of the bead. Outside this is seen a blue 
coloration and beyond this on the outside of the flame an 
intense grass green. If the bead becomes too hot there ex¬ 
tends up through the flame a diffuse reddish brown color, 
most marked at the very edge of the flame. If the bromide is 
used instead of the chloride, the colors are similar but the in¬ 
ner portion is just a little more greenish blue than the light 
blue of the chloride. With the iodide this inner portion is 
distinctly more greenish blue. 
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When the halogens are introduced into the hydrogen 
flame in a manner similar to the halides of tin, the flame ap¬ 
pears almost entirely grass green except when a very large ex¬ 
cess of the salt is used. When this is the case, a little light 
blue can be seen; but the outer portion is always green. Gouy' 
has called attention to the faet that, by holding a cooled body 
in the green flame to which copper chloride has been added, 
blue is obtained in the cooled region. 

When salts other than the halides are used, the flame ap¬ 
pears almost entirely green, the lines and bands being less 
pronounced in the blue and violet. The spectrum of salts 
other than halides were most satisfactorily obtained by the 
use of a Gouy apparatus greatly simplified and modified so 
that it could be attached directly to a Bunsen burner. It was 
found, as Gouy describes, that the sulphate and nitrate of 
copper give the same spectrum. The dilute solution of chlor¬ 
ide gives a spectrum containing the same lines and bands 
as the sulphate and nitrate. With a more concentrated solu¬ 
tion of chloride a different spectrum is obtained. This is in 
no way out of harmony with the theory that the luminescence 
in the flames is a result of chemical action. As shown in the 
case of tin flames, the presence of certain specific material 
in the flame modifies the appearance of the light emitted by 
the fundamental reactions. This explains in part the fact 
that a flame containing ju.st a little cupric chloride gives the 
same spectrum as that of sulphates and nitrates while a differ¬ 
ent spectrum is olitained with a greater concentration of 
chloride. Indeed Lccoq de Boisbaudran- has shown that by 
varying the amount of cupric chloride introduced into the 
flame, one can get almost anything from a spectrum exactly 
like that produced by copper nitrate, sulphate, or oxide, to 
the other extreme, when the amount of chloride is so great 
that a continuous spectrum is about all that is obtained. 
Smithells^ speaks of one spectrum of the series being the “nor- 

* Comples rendus, 85, 439 (1877). 

^ “Spectres luminetix;” 157. 

® Phil. Mag., (5] 39, 125 (1895). 
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mar* spectrum of cupric chloride. It is difficult to see how 
any one spectrum of the series can be the “normal” one any 
more than another, since each is dependent on the specific 
conditions obtained in the flame. The spectrum obstTved 
in the case of chh^ride is materially affected by the absorptive 
and screening effect of the cupric chloride. Furthermore, the 
introduction of an excess of salt cuts dovtn the temperature 
and the constant dissociation and oxidation taking place, and 
affects the reactions and correspondingly influences the lumi¬ 
nescence. This at once calls to our attention the relative ease 
of dissociation of the halides as compared with sulphates, 
nitrates or oxides All of these factors and another that will 
be considered later naturally cause the speedfic differences 
observed with the different ce)pper salts. 

Ciouy^ has further shown that with a strongly reduedng 
flame the nitrate, acetate, and oxide of copper shotv well- 
defined red bands in the interior portion of the flame Under 
the right conditions this red C'oloration predominates o\er the 
usual grass green. 

The following experiments show that cHTtain fundamental 
reactions are g(dng on in all “c'opper” flames and that these 
arc accompanied by cliaracteristic luminescences 

In a previous papiT'^ attention has been called to the fact 
tliat copper salts, particularly the halidis, dissociate very 
markedly in the flames and that it is possible to precipitate 
copper on a cold tube, es])ecially from the hottest portions. 
By preci])itating films from various parts of the flame it may be 
shown that the liberated metal oxidizes, forming again the spe¬ 
cific salts in the cooled or cooler portion of the flame or forming 
the oxides of copper If a film is precipitated from the in¬ 
tense green outer portion, it is found to be finite dark, which 
looks as though cui)ric oxide existed chiefly in the green part 
of the flame. This was quite unexpectt‘d. Debray and 
Joarmis^ have shown that solid cupric oxide breaks dowm 

* Comptes rcndtis 84, 2^i , 85, 439 (1877). 

2 Bancroft and Wciscr. Jour. Phys. Chem., 18, 213 (1914)- 

® Comptes rendus, 99, 583 (1884). 
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readily into cuprous oxide and oxygen when heated. Smith- 
ells’ states that the oxygen tension within and around the 
ordinary flame is far too small for cupric oxide to exist in ap¬ 
preciable amounts. Conditions seem to be different, however, 
with the vaporized oxide. We have never succeeded in 
precipitating anything approaching a pure cuprous oxide 
from any flame. Since we can precipitate cuprous chloride, 
or such metals as zinc, it is not probable that the trouble is 
due to an oxidation of cuprous oxide to cupric oxide at the 
moment of precipitation. We conclude, therefore, that cupric 
oxide, like stannic oxide, is the oxide chiefly present under 
flame conditions. This conclusion is confirmed by the be¬ 
havior of the flame. Experiments were made as in the case 
of tin to find out whether the reactions involved in the disso¬ 
ciation or reduction of copper salts were important factors 
in the luminescence observed. Negative results were obtained 
as with tin. This was the conclusion reached by Smithells.- 
He found, by means of the flame separator, that the inner 
portion had no green but only a lurid luminosity, whereas 
the outer cone gave the usual spectrum. The reverse reac¬ 
tion of reduction or dissociation took place in the inner cone 
without any luminescence, while oxidation in the outer cone 
produced luminescence. This leads us to conclude that the 
reactions of major importance are those of oxidation. 

Copper Vapor in the Gas Flame .—When copper vapor is 
introduced into the hot gas flame by volatilizing some of the 
metal in a furnace, it burns in the flame unquestionably 
chiefly to cupric oxide. Since we shall show by special ex¬ 
periments that the change from cuprous salt to cupric salt 
emits blue light, the intense grass green luminescence must be 
due to the change from copper to cuprous salt. 

Copper Powder in the Gas or Hydrogen Flame .—If very 
finely divided copper powder is sprinkled into the flame, 
it likewise burns with the same grass green coloration. 

’ Phil. Mag., [5] 39, 128 (1895). 

* Proc. Chem. Soc , 8, 8 (1892J. 
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Copper and (hygen .—Attempts to burn massive copper 
in oxygen gave negative results due to the rapid formation 
of a film of oxide at the surface or to the particles heating to 
incandescence, masking the characteristic light. The method 
finally used was to drop very finely divided metallic copper on 
fused potassium nitrate. In this experiment the ordinary 
commercial copper powder cannot be used because the stearine, 
coating the small particles, burns with a reddish flame. Very 
finely divided cupric oxide was reduced with hydrogen and 
this subjected to long grinding in an agate mortar to get the 
particles as finely divided as possible. Potassium nitrate was 
heated till oxygen began to come off and then minute amounts 
of the copper powder were sprinkled on the surface. Larger 
particles burned with incandescence masking the characteris¬ 
tic light; but a green luminescence could frequently be seen 
with the smaller particles. ()ccasionally sparks w ere obtained 
that appeared light blue rather than greenish This experi¬ 
ment is decided proof that the oxidation of copper under 
suitable conditions is accompanied by a luminescence. 

Cuprous (hide and i^xygen. - Since the difficulty of burn¬ 
ing copper in oxygen is so great, it was thought possible to 
burn cuprous to cupric oxide. This was carried out as fol¬ 
lows: 

A small amount of pure cuprous oxide w^as placed in a 
piece of combustion tubing about two feet long and one-half 
inch in diameter. One end of this tube was connected to a 
cylinder of oxygen and the other w’^as left open. The oxide 
was heated very gently and the oxygen was turned on oc¬ 
casionally until the temperature was .such that the oxide 
w^ould just burn. When such a temperature w^as reached 
the oxygen was turned on very fast indeed. This picked up 
the oxide and carried it the length of the tube. The cuprous 
oxide burned to cupric oxide, and a light blue luminescence 
was observed. If care w^as taken to have the temperature 
just right, and if the gust of oxygen w^as sufficiently strong, 
the light blue luminescence was quite bright, w^as continuous 
for a moment, and extended the full length of the tube. By 
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this method of procedure m5Tiads of fine particles of cujMxms 
oxide were burned to cupric oxide, each with a little light 
blue luminescence. When the oxide was placed in a heap 
and then heated, while the oxygen was slowly passed over it, 
the combustion took place without any characteristically 
colored light. 

Copper and Chlorine. —^Attempts to burn copper by heat¬ 
ing it and then passing a stream of chlorine over it always 
resulted in a cherry-red glow. It was thought possible to 
bring about the union of copper and chlorine by heating a 
large quantity of the copper very hot indeed and then im¬ 
pinging a stream of chlorine on the surface. To do this a 
large piece of copper was placed in a crucible in a furnace and 
heated until the melt bubbled and vaporized slightly. A little 
stream of chlorine was impinged on this and immediately 
copious fumes formed which had a dark reddish brown color. 
This color was obviously not due to the chemical reaction 
but rather to the color of the cupric chloride vapors formed 
in the presence of excess of chlorine above the molten copper. 

Copper in Carbon Monoxide Flame. — When an excess of 
cupric chloride is placed in the carbon monoxide fiame it is 
colored blue with a little green fringe. Smithells’ found, by 
impinging a jet of hydrogen on a carbon monoxide flame col¬ 
ored blue with excess of cupric chloride, that a green color 
was obtained at the point of contact. The purpose of this 
experiment was to prove if possible that water was necessary 
for the formation of the green luminescence. This is not 
necessarily true, for if copper powder is sprinkled into a car¬ 
bon monoxide flame it burns with a green luminescence, just as 
in the hydrogen or coal gas flame. Furthermore, it will be 
shown later that green is the predominating color on the out¬ 
side of a chlorine flame burning in hydrogen. 

Copper in the Flame of Hydrogen burning in Chlorine. -Iti 
this experiment the hydrogen was burned in a compartment 
through which chlorine was kept running in a constant stream. 


‘ Phil Mag , [5] 39, 128 (1895)- 
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When metallic copper or any copper salt was introduced into 
this flame it was colored blue and was surrounded by a brown- 
red coloration similar to that obtained in the gas flame when an 
excess of cupric chloride is added. Fredcnhagen' states that 
if a jet of hydrogen be brought into this brow'ti-red edge, the 
color becomes blue. What Fredenhagen actually did was 
to bring another hydrogen flame burning in chlorine alongside 
the first. With hydrogen burning in chlorine there is very 
little green and the predominating color is blue, because there 
is practically no formation of metallic copper in the flame 
and consequently no reaction from copper to cuprous salt. 
A film precipitated from this flame contained both cuprous 
and cupric chloride but no copper. 

Copper or a Copper Salt in the Flame of Chlorine burning 
in Hydrogen. —In order to burn chlorine in an excess of hydro¬ 
gen the following method w'as employed: Chlorine was run 
into the inner tube of a small blast lamp and hydrogen sur¬ 
rounded it. This was ignited and the flame was then thrust 
into a very large inverted test-tube. Soon all the oxygen was 
burned out of the test-tube and the only flame remaining was 
the chlorine burning in the surrounding atiposphere of hydro¬ 
gen. The hydrogen was run in quite rapidly for several 
minutes, so that all traces of oxygen would be washed out 
and wras lighted at the mouth of the test-tube. A piece of pure 
copper wire or a platinum wire containing some copper chloride 
was thru.st up into the flame. The predominating color 
with hydrogen in excess was green. Of course, if the wire was 
thrust into the chlorine, blue was obtained at this point, 
just as W'C should expect from the previous experiment, but 
the edge, and particularly the tip, was grass green. A film 
could be precipitated from this flame that contained a little 
copper, but the chief product was cuprous chloride. By hold¬ 
ing the wire on the very edge of the flame, but very little 
blue was obtained even though large amounts of copper 
chloride were pre.sent, as could be told by the unusually intense 
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coloration of the hydrogen flame at the mouth of the test- 
tube. Near the end of the test-tube where the hydrogen 
starts to biu-n, air is burning in an excess of hydrogen. At 
this point there is a disc about an eighth of an inch thick 
colored entirely green, in marked contrast to the intense blue 
fringed with green in the flame of hydrogen burning in air. 

Cathode Rays on Cuprous Iodide .—Under the influence of 
cathode rays cuprous iodide gives a purplish red lumines¬ 
cence.' Since cuprous iodide is the only one that exists, 
the reaction emitting this light is that from cuprous ion to 
cuprous salt. 

The data secured may be summarized as follows;' 

1. Copper chloride introduced into the Bunsen flame 
by a platinum wire gives light blue fringed with grass green. 
There is a diffuse red coloration tlmough the flame and espe¬ 
cially at the tip. The bromide and iodide of copper give a 
similar coloration except that there is a tendency toward 
greenish blue in the inner portion. 

2. Cooling a flame colored green by cupric chloride gives 
a blue in the cooled region. 

3. A flame colored with an excess of copper chloride gives 
a spectrum that differs from that obtained with the nitrate, 
sulphate, or oxide. A part of this difference is due to the 
colored vapors of the chloride itself. 

4. Copper salts dissociate in the flame and the subse¬ 
quent oxidation is most important in producing the lumi¬ 
nescence. 

5. Cupric oxide is stable under the conditions of the Bun¬ 
sen flame. 

■ 6. Copper vapors impart to a gas flame or a hydrogen flame 
an intense grass green color. 

7. Copper powder sprinkled into the gas flame, the hydro¬ 
gen flame, or the carbon monoxide flame, colors it an intense 
grass green. 

^ Goldstein* Jour. Phys. Chem., 13, 54 (1909). 
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8. Copper + Oxygen (KNO3) = Green chiefly and some¬ 
times blue. 

9. Cuprous Oxide -|- Oxygen = Light blue. 

10. Copper -h Chlorine. Bums with a red glow. When 
chlorine is impinged on molten copper, the cupric chloride 
vapors above it are violet-red in color. 

11. An excess of copper chloride in a carbon monoxide 
flame colors it blue. A jet of hydrogen impinged on it gives 
green at the point of contact. 

12. Copper in the hydrogen flame burning in chlorine 
gives chiefly blue with an edge of reddish brown. 

13. Copper in the chlorine flame burning in excess of hy¬ 
drogen gives chiefly green. 

14. Copper chloride in air burning in hydrogen gives 
green. 

15. There is a ruddy color in the interior of the copper 
flame, particularly marked when the flame is made strongly 
reducing. 

16. Cathode rays on cuprous iodide give a reddish lumi¬ 
nescence. 

From the data at hand the following reactions that arc 
going on in every “copper” flame suggest themselves as must 
important in producing the characteristic luminescence; 

I. Copper —Cuprous ion = (ireen 
11 . Cuprous ion —► Cuprous salt = Red 

III. Cuprous ion —► Cupric ion or Cupric salt = Blue 

The Green Luminescence 

When copper vapor or copper powder is introduced into 
a hot flame, the latter is colored intensely green, the extent 
of the green coloration being greater the higher the tempera¬ 
ture. Likewise, when any copper salt is introduced into the 
flame the predominating color is green except in the region 
cooled by some means or another. Since the reaction pro¬ 
ceeds chiefly to cupric oxide, it follows that the green lumi¬ 
nescence of the stage from copper to cuprous oxide is more in¬ 
tense than, and masks the blue luminescence of, the stage 
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from cuprous to cupric oxide. As a matter of fact, the spec¬ 
troscope shows the presence of the blue luminescence in the 
green flame. This accounts for the fact that the flame colored 
with copper chloride is almost entirely green unless it is made 
relatively cool by an excess of the vapors. If the apparently 
green flame is cooled, dissociation to copper is diminished 
and consequently the reaction to cupric ion should become 
relatively more predominant at the point of cooling and blue 
should be the characteristic color. As a matter of fact this 
is exactly what Gouy found to be the case. Since we know 
that cuprous oxide burns to cupric oxide with a blue lumi¬ 
nescence, exactly the same thing should be obtained with a 
flame containing no chlorine. 

When copper or a copper salt is placed in the chlorine 
flame burning in hydrogen we should expect the reaction to 
cuprous ion to take place chiefly. Under these conditions 
green should predominate. Experiment shows this to fie 
the case. If a copper salt or copper itself is introduced 
into air burning in hydrogen, the reducing atmosphere would 
tend to emphasize the reaction from metal to cuprous ion and 
not to cupric ion. The color of the light under such circum* 
stances is green. This was seen even in the presence of a very 
large excess of copper chloride. 

If a jet of hydrogen is impinged on a flame colored blue 
by an excess of a copper halide, for example, the carbon 
monoxide flame, the effect would be to retard locally the ac¬ 
tion to cupric ion and cause the reaction to cuprous ion to 
predominate. This should result in the formation of green 
light at the point where the hydrogen impinged. Green 
actually does predominate at this point. 

All of the above facts show that whatever the salt intro¬ 
duced into the flame, a green luminescence occurs if the con¬ 
ditions are such that the reaction from copper to cuprous 
ion should and does predominate. 

The Ruddy Luminescence 

Gouy found that a red luminescence is seen at a point 
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near the base of the flame containing oxide, nitrate, or acetate 
of copper if the flame is made strongly reducing. 

This is different from the brownish red on the edge of 
the hydrogen flame burning in chlorine when copper is intro¬ 
duced into it. It is known that cathode rays on cuprous 
iodide give a red luminescence and this is unquestionably 
due to the reaction from cuprous ion to cuprous salt. It is 
only reasonable to suppose that a similar reaction could be 
brought about in the flame to a sufficient extent to cause 
the red color to predominate, (louy secured these conditions 
with a very strongly reducing flame. 

The red diffuse color that is found on the edge of the hydro¬ 
gen flame burning in chlorine and the Bunsen flame fed with 
a large excess of copper chloride is largely clue to the color 
of the cupric chloride vapor which is violet-red and to sus 
pended particles of the solid cupric chloride, which is reddish 
brown 

The Blue Luminescence 

Tlie direct combusticui from cuprous to cu])ric oxide giv^s 
a light blue huninescence strikingly similar to the ))lue t'f tht‘ 
Bunsen flame. As alcove slated, (khiv has h)und that cooling 
the green flame causes l)lue to appear at the ])oint of cooling 
At the temperature of the flame the reaction from coppcT to 
cupric salt is the chief one, but if tlie flanu' is cooled locallx 
we should expect what little cu[)rous salt was present to 
oxidize completely, and consequeiitl>' the flame should bci'oine 
more blue at that point. When copj)er is put into the hydro¬ 
gen flame burning in chlorine the excess oi chlorine naturally 
results in the complete oxidation. The result is a blue colora¬ 
tion in striking contrast to the flame ])roduced if chlorine is 
burned in excess of hydrogen. 

When doing the experiments, it was noticed that the blue 
obtained when the halogens are present is relatively more 
intense than when no halogen is present. On the other hand, 
the blue luminescence is obtained in all flames and may be 
secured markedly by the direct oxidation of cuprous to cupric 
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oxide. By impinging the vapors of oxygen or of the halo¬ 
gens on an intense green copper flame, the extent of this differ¬ 
ence may be shown in still another way than before given. 
The halogens produce a marked blue to greenish blue at point 
of contact, depending on the halogen employed, whereas the 
fainter blue luminescence due to the oxidation of cuprous to 
cupric oxide is largely masked by the intense green. If chlorine 
is mixed with air in a concentration of two or three percent 
by volume, no more blue is obtained than with pure oxygen. 
The cause of this difference has been explained to be due in 
part to the specific color of the halogens and to the vapors 
of the salts themselves. It is unquestionably true that the 
reaction to the non-dissociated salt also has an influence in 
determining the specific nature of the blue luminescence. 
There is no reason at all why the reaction with the formation 
of cupric oxide should be the same quantitatively as the re¬ 
action with the formation of cupric chloride. 

This specific difference, however, is of minor importance 
at present compared with the fact that the same general re¬ 
action produces qualitatively the same luminescence. 

The general conclusions of this paper arc: 

1. An absolutely transparent gas will emit no light at 
any temperature unless some reaction takes place. 

2. A colored vapor may emit a purely thermal lumi¬ 
nescence; but that is notp roof that the actual luminescence 
in any given case is entirely a thermal luminescence. 

3. It is not necessarily a proof of thermal luminescence 
to show that the luminescence of a moderately transparent 
vapor has a lower intensity than the corresponding lumi¬ 
nescence of a black body at the same temperature. 

4. There seems to be no justification for the assumptions 
that temperatures of about 6600° are reached in the hydrogen 
flame and of about 7200’ in the carbon monoxide. 

5. It is distinctly misleading to say that a candle flame 
will melt platinum and will not melt sodium chloride. 

6. Since the luminescence of any given flame may be due 
wholly or in part to chemiluminescence, it is important to 
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determine what reactions are taking place in the flame and to 
what extent the luminescence is due to these reactions. 

7. When studying flame reactions, it is necessary to dis¬ 
tinguish carefully between colors due to emission and to ab¬ 
sorption. This source of error has not always been taken 
into account in the past. 

8. A qualitative study has been made of the flame re¬ 
actions of tin and the salts of tin. 

9. The reaction of tin to stannous salt gives a carmine 
luminesc'cnce; and of stannous salt to stannic salt a green 
luminescence, the latter being the more intense as a rule. It 
is probable that the carmine luminescence is due chiefly to 
the reaction Sn —> Sn ' and the green luminescence chiefly 
to the reaction Sn —>■ Sn : but no experiments have yet 
been made to show what luminescence, if any, is due to the 
reaction of stannous or stannic ion to the corresponding un- 
dissociated salt. 

10. No characteristic luminescence has yet been detected 
for the reverse reactions. 

11. The differences between the sjiectra of tin chloride, 
bromide, and iodide are due to the absorption spectra of the 
halogens and the salts; also to the light emitted by the reac¬ 
tions of the halogens themselves. 

12. A qualitative study has been made of the llame re¬ 
actions of copper and the salts of copper. 

13. The reaction of copjjer to cuprous ion gives a green 
luminescence; from cuprous ion to cuprous salt a red lumi¬ 
nescence; from cuprousion to cupric salt a blue lumine.scence. 
It is probable that the blue luminescence is due chiefly to the 
reaction Cu —► Cu ' ; but no experiments have yet been 
made to show what luminescence, if any, is due to the reac¬ 
tion of cupric ion to cupric salt. 

14. The intensity of the green luminescence is so great 
that the unaided eye does not notice any blue in the ordinary 
copper flame even though the copper bums chiefly to cupric 
salt. 
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15. No characteristic luminescence has yet been detected 
for the reverse reactions. 

16. The violet-red color of undissociated cupric chloride 
vapor must not be mistaken for a luminescence. 

17. It has proved possible to account satisfactorily in a 
qualitative way for all the phenomena in connection with tin 
flames and copper flames. 

Cornell University 



ADSORPTION BY FILTER PAPER 

BY M. A. GORDON 

In a paper on capillary analysis, Bayley' says: “Some¬ 
time ago, while holding a wet patch, formed hy dropping a 
solution of silver nitrate upon filter paper, in a stream of 
hydrogen mixed with arseniuretted hydrogen, I noticed that 
the metal was contained in the centre of the blot, and that 
the edges for about half a centimeter inwards were entirely 
free from metal. After being exj)osed to the gas, the blot 
presented the appearance of a black spot surrounded by a 
broad ring of water. Drops of other metallic solutions 
were placed upon filter i)apcr and submitted to the action of 
sulphuretted hydrogen. I found that in some eases the metal 
extends to the edge of the spot and eveti seems concentrated 
there, white in others a water-ring surrounds the patch of 
sulphide. Further iiupury demonstrated that solutions of 
the same metal presemt the first or second of these phenomena, 
according as they are concentrated or dilute. I'aking a strong 
solution of copper sulphate and diluting pt)rtions of it. I found 
that at one degree of solution the metal spreads outwards 
just as far as the water, and that with solutions more dilute 
than this, the water is separated from the metal, which re¬ 
mains in the centre. I'he more dilute the solution, the broader 
is the external water-ring. The exact strength of solution 
to give the former appearance varies with the temperature, 
and with the kind of paper used; the metal in a warm solution 
is more mobile, than if the solution were cold. 

“The blot formed by a drop is larger on the whole, but 
the mobility of the metal is increased in a greater proi)ortion 
than that of the water. A close Swedish paper is more ef¬ 
ficacious in separating the salt than a loosc-texturetl jfiece of 
common filter paper. 

“A great difference is found to exist among the salts 


’ Jour. Chetn. Soc., 33, .ifH (1878). 
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of various metals; the salts of silver, lead, and the persalts 
of mercury, when moderately concentrated, give a wide water¬ 
ring, while the salts of copper, nickel, and cobalt must be 
much more dilute to present the same appearance. Cadmium 
seems especially able to pass through filter paper. 

“A solution of copper sulphate containing o.ooi gram of 
copper per cc was found to give a water-ring; at the same 
temperature and with the same piece of Swedish paper, a 
solution of cadmium sulphate of less than half that strength 
gave a blot in which the cadmium extended perfectly to the 
edge. Metals appear to act in this respect as though other 
metals were absent; this property of cadmium, therefore, 
affords an elegant means of detecting it in the presence of 
metals, the sulphides of which are black. The considerably 
dilute solution is dropped upon filter paper, and the blot 
allowed to extend as far as possible (this should be done in 
all cases) and the sulphuretted hydrogen then turned on. 
The black patch is found to be surrounded by a vivid yellow 
ring of cadmium sulphide. 

“A solution rich in nickel, cobalt, or iron may in, ji|p> 
manner be examined for these metals, in presence of snuiler 
quantities of copper, lead, mercury, and silver. The blot 
spreads, is exposed to sulphuretted hydrogen, and afterwards 
held over a bottle of ammonium sulphide, when the water¬ 
ring becomes black. This method, however, is extremely 
suited to the detection of cadmium. It was found that the 
presence of free acid much increases the mobility of copper, 
so that before testing for cadmium in this manner, the solu¬ 
tion, if acid, should be made slightly alkaline by ammonia.” 

It seemed desirable to find out something about the con¬ 
ditions under which cadmium could be detected in the pres¬ 
ence of copper by means of this diffusion method. Instead 
of following Bayley’s work exactly, experiments were made 
with strips of filter paper dipping into small volumes of the 
solution. A rather heavy, white, blotting paper was used 
and was cut into strips 2.5 cm wide. The first set of ex¬ 
periments was made to show the relative rates of diffusion 
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of equimolecular solutions of cadmium sulphate and of copper 
sulphate. A known volume of the solution was allowed to 
diffuse up the strip for a certain length of time. The height 
to which the solute ro.se was determined by placing the strip 
in a bottle containing a little ammonium sulphide. The 
data arc given in Table I and are shown graphically in h'ig. i. 

T.\m.E I 

Vohinie of solution, i ce, time, 30 minutes 


Kibo in liltcT pai>cr, cni 


Molar fOiio 

Cadmium 

sulphate 

CopfKT 

sulphate 


H/) 

Cd 

H3O 

Cu 

0 025 

9 I 

6 0 

8 6 

5 3 

~ ■ 

9 ^ 

5 9 

! ’ 

S 5 

0 

b 

(>.2 

7 4 

9 <-> 

6 6 

- ■ 

9 ^ 

7 4 

‘S 7 

.s 

0 i 

9 2 

8 6 

9 

7 7 


9 5 

7 

9 0 

7 

0 3 

9.2 

9 2 

9 0 

8 6 


9 I 

9 I 

^ 7 

S 3 

0.4 

9.0 

9 .U 

9 I 

9 I 

— 

9.0 

9 0 

9 I 

9 I 

0.5 

9.1 

9.1 

9 2 

9 2 


It will be seen from these data that cadmium sulphate 
diffuses farther than copper sulphate, except of course for 
concentrations at which copper .sulphate gives no water-ring 
under the conditions of the experiment. At concentrations 
of 0.3 molar and higher the cadmium sulphate moves as fast 
as the water and copper sulphate does the same at concen¬ 
trations of 0.4 molar and higher. At lower concentrations 
the cadmium sulphate diffuses distinctly faster than the cop¬ 
per sulphate and should therefore be detected in the outer 
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ring in case the difference in rate is not diminished in a mixed 
solution. Bayley’s concentration of one milligram of copper 
per cubic centimeter or one gram per liter corresponds to a 
little less than 0.02 molar. On the other hand, these experi¬ 
ments show that if the relative rates remain the same, one 
could not detect cadmium in case the molar concentration 
of the copper sulphate was approximately double that of the 
cadmium sulphate or at higher concentrations than about 
0.4 molar. Bayley’s own experiments show that the relative 
rates of diffusion in mixed solutions are not necessarily the 
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Fig. I 

Relative Diffusion of CuSO^ and CdSO< 

Voluhie of Solution = i cc 
Time of Diffusion = 30 minutes 

same' as the ratio of the rates of the substances taken sepa¬ 
rately, because he found that “the presence of free acid much 
increases the mobility of copper.” 

As it was no part of the plan to make an exhaustive study 
of these phenomena, the next set of experiments was made 
with the more concentrated solution prepared by mixing 
equal volumes of i molar copper sulphate and i molar cad¬ 
mium sulphate. Apart from contraction or expansion the 
resulting solution was half-molar with respect to each salt 
and might reasonably have been expected not to show any 

^ Cf. also Freundlich: Kapillarchemie, 164 (1909). 
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separation of the salts. A strip of blotting paper was al¬ 
lowed to stand with one end in the solution until the liquid 
had risen to a height of 6 or 7 cm. It was then placed in a 
bottle containing ammonium sulphide. The strip w^as colored 
a dark brown by the copper sulphide as far up as the liquid 
had diffused. The yellow^ of the cadmium sulphide could 
not be seen. If the strip was now allowed to stand in the liquid 
again or in water until the liquid had diffused 0.2 to 0.4 cm 
farther and was then placed in the bottle again, the yellow 
cadmium sul])hide became visible over the stretch through 
which the solution had just diffused. I'his presented some 
theoretical difliciilties. If the salts had been precipitated 
completely by the ammonium sulphide there should have 
been a water-ring formed. If they had not been })recipitated 
completely, why should there be only cadmium sulphide in 
the newly wetted zone'*' The most plausible explanation is 
that we are dealing with a case of fractional precipitation 
and solution. It is known that co]>per sulphide is preeipi 
tated before cadmium sulphide. In these experiments only 
the salts in the outer layer of the filter j)aper are precijiilated 
When this has taken place, the solution on the inside diffuses 
out and comes in contact with the mixed sulphides, and we 
ha\'e the reaction 

CuSO^ + CdvS - CuS -f CdvSOj. 

If enough copper has l)een precipitated, the cadmium sul¬ 
phate wall diffuse alone and wall be ])reci])itated sejuirately 
on treatment with hydrogen sulphide. 

It seems quite likely that the diflfusion method for the 
detection of cadmium in presence of copper may be used w hen 
the copper salt is not present in too great excess. Let us 
consider the different possibilities. We ma\ have a solution 
of such a concentration that both the copper and the cad¬ 
mium sulphate diffuse as fast as the water. This is the case 
that has just been described and it is possible to apply the 
method of fractional precipitation. It would also bo possible 
to dilute the solution until a water-ring w^as formed on diffusion. 



342 


M. A. Gordon 


If the cadmium were present in sufficient relative amounts, 
it would show up without fractional precipitation. If we 
had a solution, however, so high in copper and so low in cad¬ 
mium that the copper diffused as fast as the water while 
the cadmium did not, there would be, by hypothesis, no 
cadmium to be carried on as a result of fractional precipita¬ 
tion. Diluting the solution would not help matters because 
the cadmium would practically never go as far as the copper. 
On the other hand the solution could be concentrated by evap¬ 
oration until the cadmium diffused as fast as the water and then 
the method of fractional precipitation could be applied. 
It is not likely that this test will be of much value in qualita¬ 
tive analysis because a negative result is not conclusive as 
to the absence of cadmium. 

It is, perhaps, desirable to say a few words about the general 
theory of the formation of a water-ring in filter paper because 
there are several points in Bayley’s work for which he offered 
no explanation and the text-books on colloid chemistry ap¬ 
parently make no reference either to Bayley or to Bloyd.’ 
Ostwald*^ mentions the work of Schonbein (which was ap¬ 
parently unknown to Bayley and to Lloyd) and says that 
the phenomenon is evidently one of adsorption, which is per¬ 
fectly true as far as it goes but does not give much in the way 
of detail. Bayley also saw that it was a case of adsorption 
though he could not make any especial use of this.’ 

“I therefore made a few experiments, in order to de¬ 
termine whether filter paper has any power of withdrawing 
silver salts from solution. 7.8703 grams of silver nitrate 
having been dissolved in water and diluted to 500 cc, a quantity 
of this solution was placed in a beaker, and a roll of filter 
paper sufficient to absorb nearly the whole plunged into it. 
After some minutes the filter paper was removed and as 
much of the liquid as possible squeezed into the beaker. 


’ Chtm New.s, 51,31 (1885). 

2 Lehrbiich allgem, Chera., 2nd Ed., 1, 1098 (1891). 

3 Bayley. Jour. Ch«m. Soc , 33, 304 (1878). 
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It is clear that the cflect of this treatment, unless the paper 
possesses a power of retaining the salt, w'ould merely be to 
slightly concentrate the solution by evaporation. Four 
experiments were made in this manner, fresh rolls of paper 
and fresh portions of the standard solution being used in each 
instance. Twenty-five cc of the solution, after treatment 
with the paper, were mixed with hydrochloric acid, and the 
precipitated silver chloride dried, ignited, and weighed. 

‘ ‘ 'I'he results were as follows; 


Solution used 

Ak found 

Ag originally present 

Cc 

Rnini 

grain 

25 

0 2182 

0 2500 

25 

0 2306 

0 2500 

25 

0 2353 

0 2500 

50 

0 47fK) 

0 

This shows that, 

after a roll of 

paper has been soaked for 


few minutes in a solution of silver nitrate, the quantity of 
silver has materially diminished A few experiments made 
by my friend, Mr. Weston, show that the same is true in the 
case of mercury salts.” 

Like other substances filter paper shows a selective ad¬ 
sorption for dissolved substances, taking up some \ery com¬ 
pletely and others but slightly. If a few drops of different 
salt solutions be placed upon a piece of filter paper, the sub¬ 
stance which is adsorbed the most will diffuse the least dis¬ 
tance. In other words, we should expect the widest water¬ 
ring with the solution containing the most readily adsorbed 
salt.‘ With the same salt we should get the widest water¬ 
ring with the dilute solutions, which is exactly what Bayley 
found and what is shown by the experiments in Table I. 

Bayley obtained wide water-rings with salts of silver, 
lead, and mercury in moderately concentrated solutions. 
He himself showed that silver nitrate is adsorbed by filter 
paper. Yorke- found ‘‘on filtering a solution of oxide of lead 

* Cf. Freundlich: Kapillarchemie, 156 (1909) 

* Mem. Chern. Soc , 2, 399 (1845). 
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in lime water through a triple filter, that, whereas the original 
solution gave a deep black when tested by sulphuretted hy¬ 
drogen, the filtered liquid gave but a pale brown; and it re¬ 
quired that the unfiltered liquid should be diluted with thirty 
times its volume of water to produce the same test as the filtered. 
I then tried the effect of mere immersion of the paper in the 
aqueous solutions before used. A bit of filtering paper ten 
inches by two inches was boiled in distilled water and then 
put into an ounce phial filled with the aqueous solution; 
after remaining six hours the liquid was poured off and tested: 
it gave a pale brown, and it required that the liquid which 
had not been in contact with the paper should be diluted with 
ten times its volume of water to produce the same tint.” 

Schwalbe* says that lead salts are kept back quantita¬ 
tively by cotton fibers and that one must not filter solutions 
of lead through paper in quantitative work. If the filter 
paper is washed with boiling water, the lead salt is fixed 
the more firmly. Skraup- found that lead acetate was de¬ 
composed by filter paper, the acetic acid being less adsorbed 
than the lead. Vignon* has shown that cotton wool adsorbs 
mercury salts so much that it decomposes mercuric chloride 
into free hydrochloric acid and basic salt or oxide. In the 
case of these metals we thus have confinnatory evidence 
of the obvious relation between degree of adsorption and ex¬ 
tent of water-ring. 

Herzog* gives some data on the adsorption of copper 
sulphate by cotton wool; but we cannot compare these data 
with those of Bayley on silver nitrate because Bayley docs 
not give the weight of the filter paper added. It seems quite 
certain, however, that the silver salt i.s adsorbed more than 
the copper salt. Mtiller*' has shown that filter paper possesses 
the property of taking up not inconsiderable quantities of 

* Die Chemie der Cellulose, 8o (1911;. 

2 Sitzungsber. Akad. Wiss Wien, 118, Tib, 564 (1909). 

3 Comptes rendus, 116, 517, 584. 645 (1893). 

* Zeit Farbenindustrie, 7, 281 (1908), 

^ Jour, prakt. Chem., 83, 384 (1861). 
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barium hydroxide from an aqueous solution of this substance 
and that such a solution should not be filtered through paper 
in quantitative determinations. In line with this are Schon- 
bein’s and Skraup’s experiments^ showing that barium hy~ 
droxide solutions give a wide water-ring. 

Since adsorption is accompanied by evolution of heat, 
there will be less adsorption at higher temperatures and con¬ 
sequently the water-ring will be relatively narrower. This 
is what Bayley found, for he says that “the metal in a warm 
solution is more mobile than if the solution were cold.” Ac¬ 
cording to vSkraup’s measurements, sulphuric acid does not 
rise as high in filter paper as copper sulphate of equivalent 
concentration, and is, therefore, adsorbed to somewhat greater 
extent. If this is so, copper sulphate will be adsorbed rela¬ 
tively less from a mixture of sulphuric acid and copper sul¬ 
phate; the metal will, therefore, give a narrower w^ater-ring 
in an acid solution than a neutral one and this is what Bayley 
found. There is another way of looking at this which does 
not depend on the adsorption of sulphuric acid. If we as¬ 
sume that cellulose has a distinct adsorbing power for cupric 
hydroxide or for a basic copper salt, the adsorption will be 
less the more acid the solution and consequently the c(;pper 
will t)e more mobile. I'his seems more plausible than the 
other explanation, Tnder existing conditions it was un¬ 
fortunately not possible for me to test this point experimentally. 

It is not enough merely to consider the adsorption of 
the dissolved salt or of one of its decomposition products. 
The taking up of w^ater is an important factor, Vignon- 
has shown that one gram of cotton may take up five grams 
of water. That is an extreme case and does not occur in any 
ordinary experiments with filter paper. vSuppose, however, 
that we let fall a drop of solution on a piece of filter paper 
and suppose that the nature and concentration of the solution 
are such that water is taken up more rapidly that the dis- 

^ Skraup: Sitzungsber. Akad. WLss Wien, ii8, Ilb, 565 (1909). 

* Comptes rendus, 127, 73 (1898). 



346 


M. A. Gordon 


solved substance. In that case a more concentrated solution 
will spread out and we shall get an outer ring of a concentrated 
solution. 

This was actually observed by Bay ley* though he was 
unable to account for the phenomenon. “Experiments 
with the hydrates of calcium, sodium, and ammonium dropped 
upon turmeric paper, showed that the water-ring is formed 
if the solutions are dilute. When they are concentrated, 
the alkali extends to the edge of the blot and, indeed, seems 
concentrated there, for the brown patch is surrounded by a 
ring darker in color than the other parts.” 

In one place Skraup- says that “.V,50 hydrochloric 
acid is adsorbed by the same surface of paper more strongly 
than acetic acid, and consequently it must rise less high in 
filter paper, which is actually the case.” This sounds as 
though Skraup were fairly clear as to the theory of the phenom¬ 
enon but the following quotation^ makes one doubtful whether 
this is much more than an accidental phrase. It certainly 
never became a working hypothesis. 

“In many cases the difference in the heights to which 
the solutes rise is approximately as great as the difference 
in the degree of electrolytic dissociation. That this is not 
the sole cause of the differences appears from the behavior 
of sulphuric acid, which rises to about the same height as 
the halogen acids and nitric acid at concentrations for which 
it is much less dissociated than these. More remarkable 
still is the behavior of phosphoric acid which is distinctly 
a weak acid and yet which rises less high than the strongest 
acids. Since experiments with the basic hydroxides have 
shown that barium hydroxide and calcium hydroxide rise 
less high than the oxides of the alkalies, we might account 
for the behavior of phosphoric acid by ascribing an important 
part to valency taken in its broadest sense. As against this 

‘ Jour. Chein. Soc., 33, 306 (1878) 

^ vSilzungsber. Akad. Wiss. Wien, 118, Ilb, 596 (1909). 

® Ibid., 118, Ilb, 562 (1909), 
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we shall have rises with boric and succinic acids. Perhaps 
a study of other acids will clear up matters. 

“With the alkaline hydroxides we have in general the 
same results as with the acids, the solutes rising less high 
with increasing dilution. As previously stated, the stronger 
bases rise higher than the weaker ones. It is interesting 
to note that at high dilutions the hydroxides, and especially 
those of the alkalies rise higher than do equivalent concen¬ 
trations of the strong acids. It is not possible even to guess 
whether this has anything to do with the fact that trans¬ 
ference numbers for hydrogen and hydroxyl vary in magnitude 
in the opposite direction.” 

“Ammonia and ethyl amine show an abnormal behavior. 
Both rise much higher than the strong alkali hydroxides, 
and the heights to which they rise decrease but little at first 
with increasing dilution. At a concentration of .V loo 
ammonia rises about as the alkalies. Until other amines 
have been studied, it is impossible to formulate any definite 
statement. 

“The most striking thing about salts is that in general 
they rise much higher than equivalent solutions of the corre¬ 
sponding acids and bases. In many cases it is difiicult to 
detect any lagging of the solute behind the water even at 
high dilutions. Even with those salts which rise to a lesser 
height with increasing dilution, the rise is higher than that of 
an equivalent solution of the corresponding base or acid ex¬ 
cept for extreme dilution. This relatixely large rise of the 
salts is in accord with the observations on the action of salt 
solutions on porous substances such as bone-black, kaolin, 
etc., as these substances adsorb salts of the alkalies only to 
a very slight extent. 

‘'Of special influence on the rise of salt solutions is hy¬ 
drolysis and this can be detected even with very stable salts. 
With sodium chloride or potassium sulphate, for instance, 
the part of the filter paper outside of the solution gave a faint 
blue color with neutral litmus or azolitmin while the sub¬ 
merged end assumed a faint reddish color when tested. In- 
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creasing dilution causes a decrease in the rise in the case of 
salts which we know to be strongly hydrolyzed. At concen¬ 
trations greater than AT/ioo potassium carbonate rises higher 
than potassium hydroxide; but this difference ceases to be 
perceptible in N/200 solutions. This points to practically 
complete hydrolysis. In fact the degree of electrolytic!?] 
dissociation can be shown indirectly in many cases. Thus 
mercuric cyanide, which is scarcely dissociated at all, rises 
nearly to the same height with increasing dilution, whereas 
the decrease is much more marked with cadmium iodide, 
which is more dissociated to start with and, therefore, also 
more hydrolyzed.” 

Skraup evidently did not appreciate that the filter paper 
causes hydrolysis when it tends to adsorb a base more than 
an acid or vice versa.' Shields'^ found that sodium carbonate 
was about three percent hydrolyzed in N/io solution. It 
is, therefore, very improbable that potassium carbonate is 
completely hydrolyzed in N/200 solution as Skraup assumes. 
Kohlrausch’* gives the equivalent conductivity of N 200 
K2CO3 as 121.6 at 18° and the corresponding value for potas¬ 
sium hydroxide as 230. 

Lloyd’s experiments'* are very similar to Bayley’s except 
that he used some mixtures containing three or more dis¬ 
solved substances. He found that the water-ring is widest 
the more dilute the solution. Owing to not working with 
sufficiently dilute solutions he obtained no water-ring with 
sodium chloride. One experiment is interesting enough to 
be worth quoting. “In carrying this series of experiments 
further, it is readily shown that not only can we separate 
liquids from each other within the paper, but we can separate 
them as liquids by acknowledging the fact that a liquid tends 
to flow from a tube, capillary or othenn^se, if the extremity 
is beneath the surface of the liquid in the container. Two 

^ Bancroft: Jour. Phys. Chem., i8, 6 (1914). 

2 Zeit. phys. Chem., X2, 167 (1893). 

® Leitvermdgen der Elektrolyte, 159 (1898). 

* Chem. News, 51, 51 (1883). 
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test-tubes were placed beside each other, and into one an inch 
of solution of ferric sulphate (the strength before named) 
was poured. A strip of blotting paper was then so placed 
that one end reached into the liquid, while the other end rested 
below it in the other vial. The paper was curved so that the 
height was four inches; therefore, the liquid traversed eight 
inches. The exposed part of the paper was covered by means 
of a sheet of rubber, in order to retard evaporation. In twenty- 
four hours a layer of colorless liquid was carried into the empty 
vial, and this liquid refused to show a trace of iron by the usual 
reagents.” 

The fundamental difference between the spreading of 
a drop on filter paper and the rise of a solution in filter is that 
the solution becomes exhausted in the first case and not neces¬ 
sarily in the second case. If the strips are left in the solution 
long enough, fresh solution can rise in them, carrying the solute 
higher. This is shown clearly in some experiments by Pelet- 
Jolivet^ with dyes (Table II). 


Taulk II 


Time of expenmenl, hours 

0 5 

1 

2 

4 

6 

Methylene blue, 0.1 percent 

Rise of dye, mm 

20 

24 

30 

42 

47 

Rise of water, mm 

88 

107 

152 

185 

215 

Methylene blue, 0.2 percent 

Rise of dye, mm 

24 

32 

49 


79 

Rise of w^ater, mm 

83 

102 

152 

185 

215 

Crystal ponceau, o.i percent 

Rise of dye, mm 


103 

121 

15b 

186 

Ri.se of water, mm 

91 

114 

148 

195 

230 

Crystal ponceau, 0.2 percent ^ 

Rise of dye, mm 

66 

102 

124 

133 

187 

Rise of water, mm 

• 79 

114 

154 

195 

230 


Unless fresh solution is supplied from below, the height 
to which the solute rises does not vary much with the time. 
Blotting paper was cut into 8 cm lengths and was dipped 


* “Die Theorie dcs Farbeprozesses/' 123 {1910). 
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into solutions of such concentrations that a water zone was 
always formed. A known volume of the solution was taken 
up, usually one cubic centimeter. When all the liquid had 
been taken up, the strips were set aside in a moist atmosphere 
for different lengths of time and then the height determined 
to which the solute had risen. With cadmium sulphate or 
copper sulphate this was done by exposing the strips to hydro¬ 
gen sulphide. With 0.05 molar cadmium sulphate and 8 cm 
strips the cadmium salt stood at a height of 7.4, 7.3, 7.7 and 
7.3 cm after an hour in the moist atmosphere and at 7.4 cm 
after eighteen hours. With 0.025 molar copper sulphate and 
7 cm strips, the copper stood at a height of 5.4 ± o.i cm at all 
periods from fifteen minutes up to eighteen hours. Theoreti¬ 
cally, there should be a levelling effect and an eA'entual uniform 
distribution of the solute; but practically this effect is negli¬ 
gible. 

One of the points which excited comment is the sharp¬ 
ness of the dividing line.' “Take an ordinary drop of porous 
blotting paper and drop into its centre some writing fluid 
drop after drop. The spot will spread, but it will not present 
the same appearance from the centre outward. I'herc is 
usually a dark centre, and then a dark line of demarcation, 
after which another shade appears, which, after spreading to 
a certain distance, will perhaps suddenly give place to a nearly 
colorless liquid. Continue to add the fluid slowly to the centre 
of the blot, and the shades of color will expand and preserve 
their indiriduality, but the outer will usually grow more 
rapidly than the one immediately within. Sometimes several 
shades will be formed, but their individual characteristics 
wall be maintained. If the ink be one of the purple or other 
colors of aniline, or a carmine, it will generally be found that 
the outer liquid will be colorless. The striking feature is 
the abrupt change from one shade to the other. It is not a 
gradual grading-off, for a distinct line of demarcation usually 
separates each shade. We have introduced this experiment 


Lloyd: Chem. News, 51, 51 (1885)* 



Adsorption hy Filter Paper 351 

because it can be so readily performed, and because, upon 
second thought, every person must even now admit its famil¬ 
iarity. Mix two colors of ink, say red and blue, and try 
the experiment again. Very likely it wall be observed that, 
under the same conditions, one color will leave the other after 
both have passed together for a certain distance, and leave 
it completely, and by a distinct line of demarcation. Then, 
])erhaps, this second color wall cease to spread, and a colorless 
licjuid will pass out, and form a ring encircling the ink spot.” 

The reason for the sharp di\ading line is apparent when 
WT consider the form of the adsorption isotherm. In most 
cases the amount adsorbed increases very rapidly with small 
increases in the concentration of the solution Conseciuently 
the range of gradations will be correspondingly narrow' and 
wall usually escape notice. If one had a substance which 
gave a much tlatter ndsor])tion curve with cellulose, one 
would not get the a{)parcntly sharp dividing line. W'hile it 
W'ould be interesting to have such a case. I have not l^een 
able to devote an\' time to searching for a suitable substance. 
It would, of course, be one for wdiieh the exponential factor 
was low' in the ecpiation for the adsorption isotherm 

Pclet-Jolivet' has studied the rise of dyes in filter paper 
and in other fibers. “It is not possible to explain each one 
of the results satisfactorily Nevertheless wt can deduce 
from them a certain number of general rules which are very 
interesting. 

” I. For a given fiber the rise uf a dye is less the more readily 
the dye is adsorbed by the fiber. 

”2. If a dye is adsorbed by a fiber, the capillary rise is 
generally less for <lilute concentrations and greater for high 
concentrations. A graphical representation of the relation 
between rise and concentration gives a curve wdiich bears 
a strong resemblance to adsorption cur\'cs. 

'‘3, Basic dyes rise to a moderate height but usually not 
so high as acid dyes; rhodainine dyes, which are less basic, 


‘ ‘*Die Thcorio dts Farbcpro/csses/’ 128 (igio)- 
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come in between these two classes. Direct cotton colors 
usually rise less high than the acid colors. Among the basic 
colors those containing NHj groups usually rise less high in 
cellulose (paper and linen) than those containing N(CH3)2 
or N (C2H6)2 groups. This difference does not occur with animal 
fibers. 

“4. Dyes having a distinctly marked colloidal character 
usually rise less high than others (fuchsinc, alkali blue, benzo- 
purpurine) of similar constitution. 

“According to a still unpublished paper* of which my 
colleague, Professor Fichter, of Basel, very kindly informed me, 
it seems certain that changes in the capillary rise depend to 
some extent on the colloidal state. He has studied the rise 
of positive and negative colloids in strips of paper and has 
found that positive colloids rise but slightly while negative 
colloids rise freely. These interesting facts bring out a new 
analogy between dyes and colloids although it has been 
shown that dyes are electrolytes. 

“Has the basic or the acid character of the molecule 
alone an effect on the rise? This seems improbable. There 
must be other properties which affect the capillarity. With 
dyes of similar constitution the molecular weight appears 
to be an important factor, as for instance 

Mean rise 
! Mni 


Fluoresceine | 151 

Eosine (tetrabromfluoresceine) j 121 

Rose Bengale (dichlortetrabromfluoresccine) I 114 

“If we sum up these general rules we may say that, sub¬ 
ject to the limited accuracy of the method, the capillary 
rise and the adsorption are closely connected; the capillary rise 
is less the greater the adsorption and vice versa.'* 

> Fichter: Verb, naturforsch. ges. Basel, 21, 1 (1910); Zeit. KoUoid- 
chemic, 8, i (1911). 
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This final conclusion is entirely right; but it can be 
interpreted in several ways and the context shows, I think, 
that Pelet-Jolivet intended merely to say that adsorption 
was one of the factors and not that it was the factor. He 
discusses the questions of the molecular weight, of the consti¬ 
tution, of the basicity and acidity, with reference to the capil¬ 
lary rise and not with reference to the adsorption, which is 
where they belong. He apparently accepts Fichter’s views 
that the precipitation of a positive colloid is fundamentally 
different from adsorption. Working with dilute solutions, 
Pelet-Jolivet did not observe the formation of a darker outer 
zone and he does not refer to the work of others who have 
observed this. It would have been impossible for him tO' 
have accounted for this phenomenon so long as he considered 
only the adsorption of the solute. The question is one of 
the relative adsorption of solvent and solute. 

There is still a great deal of work to be done before all 
the details of the rise of solutions in filter paper have been 
cleared up. We need more facts in regard to specific ad¬ 
sorption and there is also the problem of the movement of 
water or of solution through the fiber instead of over the sur¬ 
face. It all comes back, however, to a question of adsorption 
of water and of the constituents of the solution by the paper. 

The general results of this paper are; 

1. Filter paper shows selective adsorption for water and 
for each constituent of the solution. 

2. If the solute is adsorbed relatively faster than the 
water there will be formed a water-ring. 

3. If the water is adsorbed relatively faster than the solute, 
the latter will concentrate in the outer zone. 

4. Whether one gets a dilute solution (water-ring) or 
a more concentrated one in the outer zone depends on the 
concentration as well as on the nature of the solute. 

5. The more readily a salt is adsorbed relatively to the 
water, the higher will be the limiting concentration giving 
a water-ring. 

6. The amount of base or of acid taken out of a salt 
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solution by filter paper is not a measure of the degree of 
hydrolysis before the paper was dipped into the solution. 

7. Hydrolysis is not complete in a N/200 potassium 
carbonate solution. 

8. Since adsorption decreases with rising temperature, 
the water-ring will be relatively narrower at higher tempera¬ 
tures; the salt will appear more mobile. 

9. Addition of anything which cuts down the adsorption 
--sulphuric acid to copper sulphate solution, for instance — 
increases the mobility of the salt. 

10. With a strip of filter paper dipping into an excess 
of .solution there will be a continual supply of solution to the 
filter paper, which will give rise to phenomena which we do 
not get when the filter paper is present in excess, as in the 
case of a drop of solution upon a piece of filter j)aper. 

11. Theoretically, there should be a tendency for the 
dissolved substance to distribute itself uniformly over a short 
strip of filter paper in time. Practically this tendency is 
negligible. 

12. The apparently sharp dividing line in the case of 
a water-ring is a necessary consequence of the usual form of 
the adsorption isotherm. With a flatter adsorption isotherm 
the contrast woujd not be .so marked. 

This work was suggested by Professor Bancroft and has 
been carried on under his supervision. 

Cornell University 



SOME ADvSORPTION PHENOMENA IN SOILS AND 

KAOLIN' 


BY J. Iv. HARRIS 

The problem of soil acidity has been for a great many 
years a serious one for the farmers of the eastern and middle 
western states and is becoming more serious as the years go 
by. As the soil continues to l>e worked, larger and larger 
areas are found to be sour or acid in character. These soils 
when moistened and tested with litmus will very quickly 
turn blue litmus paper red. The peculiar thing about this 
reaction is that the test paper must be brought into direct 
contact with the soil particles to bring about the change in 
color. If the soil, gi^'ing the acid action, be shaken with 
water and the solution thus obtained be decanted off from the 
soil and tested with litnms, the solution is found to be neutral. 
Whatever it is that gives the acid reaction, when the test 
jiaper is brought into direct contact with the soil particles, is 
not soluble in water. 

These acid soils possess another peculiar propcTty As 
abovT mentioned, if an acid soil be shaken with water, the 
solution obtained is neutral; but if, instead of water, a solution 
of a neutral salt he used, such as potassium nitrate, it will be 
found to contain considerable (|uantities of a soluble acid. 

It is well known that soils that show the above properties 
arc not fertile, and for this reason these soils have been the 
subject of much investigation. Two e.xplanations have been 
offered for the behavior of such soils toward indicators and 
toward solutions of neutral salts. For many years the ac¬ 
cepted explanation was this: in acid soils there exist complex 
insoluble acids called humic acids; these acids being insoluble, 
of course can not affect litmus until the paper is brought into 

’ The greater part of this work was earned out in the chemieal laboratory 
of the Michigan Agricultural College Experiment Station at East Landing, 
Mich A few of the experiments were performed in the chemical laboratory 
of the University of Michigan 
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direct contact with the soil particles. To explain the action 
of the acid soils toward neutral salt solutions, those who 
accept the humic acid theory maintain* that the difficultly 
soluble acid enters into a double decomposition with the salt 
in solution thus setting free a certain amount of soluble acid. 
It is further maintained that by treating the soil with one 
quantity of salt solution after another, until the soil no longer 
sets free any acid in the salt solution, the acidity of the soil 
may be determined, this being measured by the total amount 
of add set free in the successive applications. 

Of late years, however, this theory has come to be dis¬ 
credited in the minds of a great many chemists and a new 
theory has been put forward to explain the peculiar behavior 
of acid soils. Linder and Picton** and later Whitney and 
Ober® have shown that when arsenic trisulphide in colloidal 
solution is precipitated by a solution of barium chloride, the 
precipitation is accompanied by the adsorption of a slight 
amount of the barium and that there is set free in the solution 
a corresponding amount of hydrochloric acid. F. K. Cameron’ 
has pointed out that certain substances have a selective 
absorbing power. For example, metallic silver can be separated 
from a solution of silver nitrate by the selective adsorbing 
power of charcoal. Moist cotton, absolutely free from any 
soluble add, if left in contact with a piece of blue litmus 
paper for some time, will redden it. This phenomenon can 
be explained by ascribing to the cotton a selective adsorbing 
power for the base of the blue litmus .salt, the ba.se being 
adsorbed leaving the red acid dye on the paper. The action 
of an add soil toward litmus may be explained in exactly the 
same way. Also in the case of the action of the soil toward 
salt solutions, we may assume that the soil adsorbs the base in 
exactly the same way that the arsenic trisulphide adsorbed 
the barium in Linder and Picton’s experiment, leaving a 

‘ Bulletin 107, U. S. Dept. Agriculture, p. 20 . 

* Jour. Chcm. Soc., 67, 63 (1895). 

’ Jour. Am. Chem. Soc., 23, 842 (1901). 

♦ "The Soil Solution,” p. 66. The Chemical Publishing Co. 
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corresponding amount of acid in solution. For example, if 
an acid soil were treated with a solution of sodium chloride, 
it would adsorb a certain amount of sodium hydroxide leaving 
hydrochloric acid in solution. The fact that there is so much 
colloidal matter in soil makes this theory seem the more 
reasonable since, as mentioned above, Linder and Picton 
have shown that the coagulation of negatively charged colloids 
is accompanied by the adsorption of the positively charged 
ion. Coehn^ has come to the conclusion that those colloids 
which have a lower dielectric constant than water will be 
charged negatively, while those having a higher dielectric 
constant will be charged positively. Since, in general, solids 
have a lower dielectric constant than water, suspension 
colloids such as we have in the case of soils will be charged 
negatively and therefore will adsorb the base when coagulated 
by a salt solution, leaving an acid in solution. This agrees 
with the facts set forth above. 

As stated above, the humic acid theory was at one time 
quite generally accepted, but of late years the selective ad¬ 
sorption theory has been gaining ground rapidly. In 1910, 
Baumann and Gully- published an article describing some 
experiments as a result of which they came to the conclusion 
that the acid action of peat moss and of peat soils in general 
is caused by colloidal matter present in the cell covering 
of the hyalin sphagnum cells. This work has been criticized 
by the adherents of the humic acid theory, especially by 
Tacke and Suchting,'^ who show that acid soils develop 
hydrogen when brought into contact with iron, invert sugar, 
and cause many reactions to take place w^hich can be brought 
about only by true acids according to Tacke and Suchting. 
Gully,^ in a reply to this criticism, asserts that all the re¬ 
actions mentioned by Tacke and Suchting can be brought 
about without the presence of any true acid. 

^ Wied. Ann., 64, 217 (1898). 

2 Mitteilung der K. Bayr. Moorkulturanstalt, 1910, 

* Landw. Jahrbucher, 41, 717-754 

* Mitteilung der K. Bayr. Moorkulturanstalt, 1913, 85. 
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Be that as it may, the acid reaction of the sand and clay 
soils of this country could hardly be ascribed to the presence 
of these hyalin cells. The experiments described in this 
paper were carried out to determine if possible whether the 
acidity of these sand and. clay soils is caused by the presence 
of humic acids or by the selective adsorption of bases by the 
colloidal matter present. 

In Bulletin 107 of the Department of Agriculture' is 
given a provisional method for the quantitative determination 
of acidity in soils. This method is based on the theory, 
mentioned above, that when a soil is shaken with a neutral 
salt solution, the difficultly soluble humic acids enter into a 
double decomposition with the salt thus setting free a soluble 
acid. The soil is shaken with one portion of salt solution 
after another until it no longer gives an acid solution. 
The soil is then found to be neutral toward litmus and the 
total amount of acid set free is taken as a measure of the 
acidity of the soil. If the hypothesis upon which this theory 
is based furnishes the correct explanation for the action 
of the soil, then the soil should give the same amount of acid 
no matter what salt solution is used. On the other hand, if 
the action is due to .selective adsorption on the part of the 
soil, we would expect the amount of adsorption to depend 
more or less on the salt used, since colloidal substances will 
adsorb more of some bases than of others. To determine 
whether or not the same amount of acid is set free when 
different salt solutions are used, samples of a soil were treated 
with solutions of potassium nitrate, sodium acetate, and 
sodium chloride. The method of procedure was to weigh 
out 100 grams of soil and to add to this 250 cc of the salt 
solution used. Each of the three salt solutions was made up 
normal. The .solution was left in contact with the soil for a 
period of from two to three hours, the mixture being fre¬ 
quently shaken. The soil was centrifuged and a 100 cc test 
portion drawn off and titrated with N/so alkali. The re- 


‘ Loc cit 
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mainder of the solution was then [)oured off from the soil and 
the treatment repeated. From the amount of alkali re¬ 
quired to neutralize the acid in the test portion, the total 
that would be recpiired to neutralize all the acid set free after 
each addition was computed. The treatments were continued 
until the amount of acid found in the test portions was very 
small and the soil samples were ikj longer acid toward litmus. 
The results of the e.xperiment are shown in Table I. 

T.\m,B I 


iif IrtMliiU’iil 

KXO-i 

Cc 

NaC.H,(). 

Cc 

NaCl 

Cc 

, 

41 0 

9S 0 

27 4 

2 

- 

‘ / 

42 1 

^ 4 


5 4 

2 

6 4 

4 

4 7 

17 2 

4 

5 

4 ^ 

M 5 

4 4 

() 

2 S 

J 4 

2 0 

7 

2 2 

12 0 

2 2 

S 

1 <> 

11 4 

I s 


1 () 

11 0 

I s 

10 

I 4 

10 7 

I () 

Total 

7 ! S 

244 0 

60 2 


In the above table is gi\en the amount of .V 50 alkali 
that corresi)onds to the uinfumt of acid set free by each of the 
three .soil samples with each successive addition of salt solution 
It is seen from the table that the greatest amount of acid is 
set free in the sodimn acetate solution, the j)otassium nitrate 
coming next and the sodium chloride last. The important 
thing to be noticed is that not only is a much greater amount 
of acid .set free in the .sodium acetate solution than in the 
potassium nitrate solution, but that the ratio of the number 
of cubic centimeters set free in the former case to that in the 
latter bceomes greater with each successive api>lication. 
Thus we see that the ratio of the acid set free in the first 
application of sodium acetate to the corresponding number 
for the potassium nitrate is 2.39, while the ratio of the totals 
in the two cases is 3.38. The ratio in the case of the last 
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applications is 8.2. These values indicate that not only do 
we not get the same amount of add liberated in the salt 
solutions, but that the difference in amounts becomes greater 
with each succeeding application of salt solution. Thus we 
find that the facts do not fit in with the humic acid theory 
but do satisfy the conditions of the selective adsorption 
theory. The above results also indicate that those methods 
for the quantitative determination of the aridity of the soil 
that depend upon the treatment of the soil with a neutral 
salt solution are valueless, unless the same substance that is 
actually made use of in the field for correcting the acidity is 
also made use of in the determination. It is probable that the 
methods of Veitch* and of Suchting® would come closest to 
giving the true lime requirement of the soil, since the former 
employs lime water and the latter calcium carbonate as the 
reagent in the determination. 

Experiments similar to those above were performed with 
other samples of soil and always with the same result; the 
greatest amount of arid being set free in the sodium acetate 
solution, a very much smaller quantity in the potassium 
nitrate solution, and least of all in the sodium chloride solu¬ 
tion. 

Assuming for the time being that we do have selective 
adsorption on the part of the acid soils, how are we to explain 
the fact that all soils are not acid although they all contain 
colloidal matter? Also why is it that soils that were originally 
alkaline or neutral come in time, after long cultivation, to 
show arid properties? These questions may be easily answered 
in the light of the selective adsorption theory. We may 
assume that in all soils in the uncultivated condition there is 
enough basic material, especially lime, to cause the colloidal 
matter to be present in the flocculated condition. However, 
as the soil lies in contact with the decaying organic matter, 
the organic acids thus formed gradually neutralize the bases 


^ Jour. Am. Chem. Soc., 24, 1120 (1902). 
2 Zeit. angew. Chem., 2Z, 151 (1908). 
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present forming soluble salts which may be washed out. Also 
the growing crops themselves will remove considerable quan¬ 
tities of the bases. Under the action of these two agencies, 
the soil will after a time become deficient in basic material 
and will adsorb the basic material from any neutral salt with 
which it comes in contact. If this be the manner in which 
soils become acid, it is probable that all the basic matter is 
not removed by the above process. The soil must obviously 
be able to retain some of the basic matter in the presence of 
very dilute acids, for otherwise the soil could not adsorb the base 
from a neutral salt and hold it adsorbed in the presence of the 
acid thus set free. This being the case, it is probable that the 
addition of a fairly dilute acid to the soil would largely increase 
its acidity, due to the fact that the bases still present in the soil 
would by this process be neutralized and could then be washed 
out. 

To determine if this were the case, a 100 gram sample 
of an acid soil was treated with A’ 20 sulphuric acid and 
washed, using a porcelain filter, until the wash water was 
practically neutral. For comparative purposes, samples of 
kaolin and of exceedingly finely ground quartz sand were 
treated in the same way. The samples were left in contact 
with the acid for about twenty-four hours in each case. After 
washing, each sample w'as shaken with 250 cc of a normal 
solution of potassium nitrate. 100 cc test portions were then 
drawn off and titrated. 100 gram samples of each of the 
materials that had not been previously treated with an acid 
were also shaken with potassium nitrate solution and the acid 
set free titrated in the same way. In the following table 
are shown the quantities of N 50 sodium hydroxide that were 
required to neutralize the acid set free in each 100 cc test 
portion; 
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: Cc N/so 
NaOH 

Soil untreated 

I .0 

Soil treated with N/20 H2SO4 

i 91 

Kaolin untreated 

0.0 

Kaolin treated with N/20 H2SO4 

7 4 

Sand untreated 

0 0 

vSand treated with N/20 H2vS()4 

' 0.0 


It will be seen from the above table that the acidity of the 
soil was very much increased by the treatment w'ith acid 
just as we must expect it to be if we are to accept the ex¬ 
planation given above for the acidity of the soil. I'he un¬ 
expected, however, was encountered in the case of the kaolin. 
The kaolin in its original state was perfectly neutral in its 
action toward salt solutions. But after its treatment with the 
acid, and after the soluble acid had been carefully washed 
out, the kaolin was found to act in a manner similar in every 
respect to the acid soils. It reddened blue litmus when the 
paper was brought into direct contact with the solid particles 
of kaolin, and when shaken with a solution of potassium 
nitrate, appreciable quantities of acid were set free as is shown 
in the above table. The finely divided sand gives no ap¬ 
preciable effect either before or after the treatment with acid. 

To determine the effect of different acids on the soil and 
kaolin, several hundred grams of each of these substances 
were treated with solutions of N/20 HCl, H2S04, HC2H3O2, 
and H2C2O4. The soil was then thoroughly washed until the 
wash water was neutral, and three 100 gram portions of each 
of the above samples were taken, one of these being treated 
with a normal solution of potassium nitrate, and another with 
a solution of sodium acetate, and the third with sodium 
chloride. The results of these experiments are shown in 
Table III. 250 cc of salt .solution were used in every case. 
The table gives the quantities of iV/50 sodium hydroxide 
required to neutralize the acid set free in 100 cc test portions 
of the salt solutions. 
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TAnu5 III 



KKih NaCoUrjO. 

NaCl 


Cr 

Cc 

Ce 

vSoil untreated 

lO c) 

36 0 

9 .S 

Soil treated with .V 20 H^vSt >4 


4,S 0 

19 0 

vSoil treated with .V jo HCl 

5 

4^’ .S 

18 0 

Soil treated with .V jo 

n; 5 

46 8 

15 0 

vSoil treated with .V 20 )i> 

19 0 

4^ .S 

14 6 

Kaolin untreated 

0 0 

0 0 

0 0 

Kaolin treated with .V 20 II>S()4 

S I 

lO 0 

7 5 

Kaolin treated with .V 20 IICI 

7 4 

14 S 

(> 6 

Kaolin treated with .V 20 IljC^Oj 

4 

11 8 

4 ‘ 

Kaolin treated with .V 20 IICjITOj 

4 

A 

5 5 

It is to be noticed from the 

above table 

that the 

effect 


of the acid in each case is to increase largely the ])ower for 
adsorption in the soil and kaolin, just as vve found that it did 
in the experiment the results of which are ^i\en in d'ahle II. 
The amount of increase seems to he of about the same (lt‘.qree 
of magnitude in the case of the dilTercait acids, the two weaker 
acids, oxalic and acetic, ,i;ivin^ somewhat less effects than 
the hydrochloric and sulphuric acids. It is seen that tlie three 
salt solutions stand in the same order with respect to the 
amount of acid set free in the case of the untreated soil, that 
of the soil treated with acids, and in the case of the kaolin 
that had ])een treated with acids 'I'his winild indicate that, 
whatever it is that causes the liberation of the acid, we have 
a similar jffienomenon in the three cases. It is im])ossiblc to 
suppose that we have any humic acid in the case of the kaolin 
or for that matter any other true acid. vSince the soil acts in 
every way like the kaolin, it is fair to assume that the cause 
of the action toward litmus and toward salt solutions is similar 
in the two cases, and is not due to the presence of humic acids. 

There is another possible explanation for the action 
of the soil and kaolin. It is possible that the soil and kaolin 
adsorb the acid with which they come in contact and hold it 
in an insoluble condition and that the effect of the salt solu¬ 
tion is to set the acid free cither by a double decomposition 
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or by some physical action on the soil particles. For ex¬ 
ample, the soil might have a greater adsorptive power for the 
salt than for the acid, and in taking up the salt from the 
solution the add might oe set free. Such an action would not 
be surprising since van Bemmelen* has shown that a silica gel 
of the composition Si02.4H20 will retain aluminium chloride 
so tenadously that it can not be washed out, but if the gel 
be brought into contact with a solution of potassium chloride, 
considerable quantities of the latter are adsorbed and a large 
part of the aluminium chloride goes into solution. If some¬ 
thing of this nature happens in the case of the soil, it is likely 
that there would be a great variation in the amoimt of add 
adsorbed if the concentration of the acid with which it is 
brought into contact were varied. If, on the other hand, the 
effect of the add is to neutralize the bases already present, 
rendering the soil capable of adsorbing greater quantities 
of the bases of the salt solutions with which it comes in con¬ 
tact, we would not expect any great variation until an add 
so dilute is used that the soil could hold the base adsorbed 
in spite of the action of the acid. This would have to be an 
add nearly as dilute as that found in the salt solution after 
bdng shaken with the soil. To determine the effect of con¬ 
centration of the add on the absorptive capadty of the soil, 
samples of a soil were treated with solutions of N/2, N/s, 
N/10, N/20, N/4.0, and N/So sulphuric add, washed and 
treated with a normal solution of potassium nitrate, 100 cc 
of this bdng titrated as in the previous experiments. Table 
IV shows the amount of Af/50 sodium hydroxide required to 
neutralize the add found in the 100 cc test portions in each 
case. The same experiment was carried out with kaolin. 

Table IV 


jUntreated; i 

N/to 

N/20 

jv/40 

iv/80 

Soil 14.8 26.8 i 29.5 

Kaolin o.o 1 18.3 : 18,5 

28.3 ; 
18.1 1 

29.9 

16.9 

28.6 

16. I 

25.8 

13-4 


‘ Jour, prakt. Chen)., (2 J 23, 324-349, 379-395 ( i 88 j ). 
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In the above experiment the kaolin used was from a 
supply different from that of the preceding experiment. It 
will be seen from the shove results that the concentration of 
the acid did not have any great effect on the adsorptive power 
of the soil. What variation there is seems to be due to a 
variation in the different samples of soil used, since it was 
impossible to get samples that were absolutely homogenous. 
This would indicate that we do not have any adsorption 
of the acid by the soil because there is no appreciable 
decrease in effect with decrease in concentration of the acid. 
It would seem that the effect of the acid is merely to neutralize 
the bases already held adsorbed, thus increasing the capacity 
for adsorption of the base from the salt solution On the 
other hand, there is a marked falling off in effect with de¬ 
crease of concentration in the case of the kaolin. It may 
be in this case that the effect of the acid is not so much to 
neutralize the bases already present as it is to change by a 
chemical reaction the silicates of the kaolin into compounds 
that can selectively adsorb the base of the salt. 

That there is no adsorption of the acid by either the soil 
or the kaolin was further proven by treating samples of soil 
and of kaolin with A' 20 sulphuric acid, washing until prac¬ 
tically free from soluble acids, and then treating with a normal 
potassium nitrate solution. If any acid had been adsorbed 
by the soil or kaolin, it would have to be set free by the action 
of the salt solution in order to account for the free acid present 
in that solution. On testing for the presence of the sulphate 
radical in the potassium nitrate solution, only a minute trace 
was found, the amount being sufficient to account for a very 
small fraction of the acid found in the solution, t This means 
that whatever the free acid w^as in the potassium nitrate solu¬ 
tion, it was not sulphuric acid. Therefore the action of the 
soil and of the kaolin on the salt solution could not have been 
caused by the presence of sulphuric acid held adsorbed by those 
substances. 

To determine whether the base is actually adsorbed 
from the salt solution or not, a sample of soil and a sample of 
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kaolin were treated with N/20 hydrochloric acid and washed 
until the wash water was practically neutral. The samples 
were next treated with 250 cc of normal barium chloride solu¬ 
tion and 100 cc test portions titrated with N/50 sodium 
hydroxide. The soil and kaolin were then washed until 
practically free from barium salts, when they were again 
treated with N/20 hydrochloric acid. 100 cc test portions 
of this acid solution were then drawn off and treated with 
sulphuric acid to precipitate the barium salts. Blanks were 
run to correct the weight of barium sulphate since it was found 
very difficult to wash out all the soluble barium salts previous 
to the second treatment with the acid. After the second 
treatment with acid, the soil and kaolin were again washed 
and a second time treated with a solution of barium chloride. 
The results of the experiment are shown in Table V. 

T.\ni,R \’ 

Cc.V soNaOJt^ Wi nf Cc iV/s» NiiOH CcA’soNaOU 
in first Bad.* from wt. in second BaCl2 

vsolution ' * of BaS()4 solution 

Cc ^ Cc Cc 

Soil 27.7 o 0631 26.3 30 4 

Kaolin 12.5 o 0259 1 r 1 S 6 

In the above table, the first column indicates the amount 
of N/$o sodium hydroxide required to neutralize the acid 
set free in a 100 cc test portion of the first barium chloride 
solution. The second column shows the weight of barium 
sulphate that was recovered from a 100 cc test portion of the 
acid with which the samples were treated after the barium 
chloride had been applied. 'I'he weights given in that column 
have been corrected for the weight of barium sulphate found in 
the blanks. The third column indicates the number of cc of 
A/ 50 sodium hydroxide corresponding to the weight of barium 
sulphate recov'cred. The last column indicates the amount 
of N 50 sodium hydroxide required to neutralize the acid set 
free when the soil and kaolin were treated a second time with 
barium chloride solution. 
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From this table we gain the following information: First, 
the barium in one form or another is taken from the solution 
of barium chloride and held by the soil and the kaolin in an 
insoluble condition; second, the barium is rendered soluble by 
the treatment with dilute hydrochloric acid; third, that the 
amount of barium recovered by this treatment with hydro¬ 
chloric acid corresponds very nearly to the amount of acid 
set free in the barium chloride solution, the amount of barium 
sulphate recovered corresponding to 95 percent of the acid 
set free in the case of the soil and to 89 percent in the case 
of the kaolin; fourth, after the second treatment wdtli hydro¬ 
chloric acid, the soil was rendered capable of setting free a 
slightly greater amount of acid than it was after the first 
treatment, and the kaolin, although the amount of acid 
obtained in the second application of the salt was less than 
in the first, W’as rendered capable of li!)erating a much greater 
({uantity of acid in the second treatment than it would have 
been capable of had it not in the meantime been treated witli 
an acid. Both the soil and the kaolin were rendered capable 
by the second treatment wdth the acid of abstracting much 
more of the barium from the barium chloride solution than they 
would have had this second treatment with acid been omitted 
A second treatment of the soil or kaolin with a salt solution 
usually gives from a third to a fifth as much acid as the first 
treatment. 

The selective adsorption theory furnishes a satisfactory 
explanation for the above facts. \\T may suppose that the 
first treatment with hydrochloric acid removes the bases, 
held adsorbed by the soil in its natural condition, by neu¬ 
tralizing them and converting them into soluble salts. l‘he 
soil being then shaken with a solution of barium chloride, 
adsorbs barium hydroxide from the solution, setting free a 
corresponding amount of hydrochloric acid. The second 
treatment with acid neutralizes the barium hydroxide con¬ 
verting it into the soluble chloride wdiieh is washed out. As 
the table show^s, the amount of barium sulphate recovered 
corresponds almost quantitatively to the amount of acid 



368 


J. E. Harris 


liberated in the salt solution. This removal of the barium 
hydroxide leaves the soil in just the same condition that it 
was in before the first addition of barium chloride, so that 
when the barium chloride is added a second time, about the 
same amount of acid is set free as in the first case. 

The facts set forth above can not be explained satis¬ 
factorily by the humic acid theory. According to that theor)\ 
the add acts by a double decomposition with the salt setting 
free an acid. The following reaction would represent the 
change: 

HA + BaCb —> BaA ■+■ HCl 

A large part of the humic add, HA, must be transformed by 
this process into the salt, BaA, because the first addition of a 
salt always gives a much greater quantity of add than the 
next application, and if the applications are continued until 
the soil is practically neutral, it is found that the add set 
’free in the first application is a large percentage of the total. 
If we are to accept the law of mass action, this means that, 
for the action to go as far as it does, the salts of the humic 
acids must be either far more insoluble or far less dissociated 
than is the humic acid. To account for the recovery of the 
barium by the treatment with hydrochloric add, the reverse 
action 

BaA + HCl —^ BaCL. -f- HA 

must take place, and since 95 percent of the barium taken up 
by the soil is recovered by this process, the reaction goes 
almost to completion in this reverse direction. For the 
reaction to go so nearly to completion in this direction, the 
humic add must be far more insoluble or far less dissociated 
than the barium salts of these adds. But this conclusion 
is the exact reverse of that reached as a result of the first 
reaction. As a result of the above experiment we must con¬ 
clude that we do not have a case of double decomposition, 
and that the action of the soil is due to selective adsorption. 

It was noticed in titrating the salt solutions with which 
the soil had been treated that the addition of the alkali was 
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accompanied by the separation of a light brown gelatinous 
precipitate. It was also noticed that a similar precipitate 
separated out in the corresponding experiments with the 
kaolin, except that the precipitate in this case was white. 
At first it was supposed that the precipitate in the case of the 
soil consisted, at least in part, of organic matter. However, 
when tested, it was found that the precipitate was wholly 
inorganic and consisted of a mixture of ferric and aluminium 
hydroxides. In the case of the kaolin, the precipitate was 
almost entirely aluminium hydroxide. These facts together 
with the similarity of behavior of the soil and kaolin that had 
been treated with an acid, raised the question as to what 
extent the selective adsorptive power of the soil is due to 
organic colloidal matter and to what extent it is due to in¬ 
organic. I'o determine this, a 100 gram sample of the same 
kind of soil that was used in the experiment of Table IV was 
boiled for six or seven hours in concentrated sulphuric acid 
in a Kjeldahl flask. I'his entirely destroyed the organic 
matter leaving a clean white sand. The soluble acid was 
washed out and the soil treated with a normal solution of 
potassium nitrate. A 100 cc test portion was drawn off and 
titrated. It was found that 29.1 cc of A’ 50 sodium hydroxide 
were required to neutralize the acid set free in the salt solu¬ 
tion. It will be noticed from Table IV, that the correspond¬ 
ing values for samples of this soil treated with acid varying 
in strength from A’ 2 to A’,, So extended from 25.8 to 29.9 cc. 
We have then a soil quite free from organic matter with a 
power to affect a salt solution in almost exactly' the same 
degree as the soil with all the organic matter present. 

The above experiment indicates that not only is the 
peculiar beha\dor of the soil not due to the presence of in¬ 
soluble organic acids, but that it is not due to the presence of 
organic matter at all but to inorganic compounds, probably 
hydrated silicates. This conclusion is in agreement with 
facts observed by many other investigators. As long ago as 
1850, Way* succeeded in producing a silicate of sodium and 

' Jour. Roy. Agri. Soc., 11 (1850). 
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aluminium that would adsorb ammonia from a water solution. 
This experiment is not. however, strictly analogous to those 
described above, because we do not have in this case the 
colloidal matter breaking up a salt and setting free an acid. 
It does show, however, that substances of this nature very 
readily adsorb basic compounds. Dumont' has shown that 
clay, silicic acid, and ferric hydroxide will react with potassium 
carbonate and liberate carbon dioxide. Kaolin he found to be 
practically inactive toward the salt. The latter result is in 
agreement with the results of the writer since he found kaolin 
to be inactive toward a salt solution until it had been treated 
with an acid. Kozai'^ makes the statement that a soil had been 
investigated by Daikuhaira which was quite free from humus 
although acid in its action toward salt solutions. No data 
are given in this article, but a publication on the investigation 
of the soil is promised. The writer has searched the literature 
but has been able to get no trace of the promised article. 

Summary 

It has been found that acid soils of the sandy loam type 
liberate different quantities of acids in different salt solutions 
and that the quantities of acid liberated in successive applica¬ 
tions of the different salt solutions do not tend to approach 
the same hmiting values, but that the differences become 
greater with each successive application of salt solution. 
When sodium acetate, potassium nitrate and sodium chloride 
are the salts used, it is found that they stand in the order 
written with respect to the amount of acid liberated. These 
results indicate that the acid in the salt solutions is not 
liberated by any double decomposition with insoluble organic 
acids of the nature of humic acids, but through the adsorption 
of the base of the salt, the amount of base adsorbed depending 
on the salt used. The adsorption is of course accompanied 
by the liberation of a corresponding amount of add. 

If a soil be treated with a dilute add and washed until 

^ Comptes rendus, 143, 345 (1906). 

Chem. Zeit., 33, 1187 (1908). 



Some Adsorption Phenomena in Soils and Kaolin 371 


the solut)le acid is removed, the power of the soil for setting 
free an acid in a salt solution is greatly increased. This fact 
may be explained by supposing that the acid neutralizes and 
converts into soluble salts the basic material held adsorbed 
by the soil in its natural condition, thus rendering the soil 
capable of adsorbing larger quantities of the base when brought 
in contact with a salt solution. These results throw- some light 
on the process by w-hich soils, that were originally neutral or 
slightly alkaline, come in time under constant cultivation 
to be acid in character. 

Kaolin in its natural condition does not afTect a salt 
solution. But if it is first treated with an acid, the soluble acid 
being then w^ashed out, the kaolin is found to have a very sharp 
acid action tow’ard blue litmus and to have the power of 
liberating an acid from a salt solution in exacllx' the same 
w-ay that a soil does. Inirther, w’hen the kaolin is treated with 
solutions of sodium acetate, potassium nitrate, and sodium 
chloride, it is found that these substances stand in the same 
order with respect to the amount of acid liberated as they 
do in the case of the .soil. 

Soil treated with solutions of sulphuric acid \’arying in 
concentration from A" 2 to A’ 80 is found to be aflected in 
almost exactly the same degree. This gives further con¬ 
firmation of the theory that the effect of the acid is to neu¬ 
tralize and remove the bases held adsorbed by the .soil in its 
natural condition. If this is the effect of the acid, the con¬ 
centration wa)uld not matter unless the acid w-ere so dilute 
that the soil could hold the base in the presence of the acid, 
as it does when it adsorbs the base from a salt and holds it in 
the presence of the acid set free. 

Kaolin, treated with solutions of sulphuric acid of the same 
concentration as those used in the case of the soil, is affected 
differently by the different concentrations, the effect decreasing 
writh decrease in concentration of the acid. That the kaolin 
acts differently from the soil in this regard, may be due to the 
fact that the effect of the acid is not so much to remove basic 
matter held adsorbed by the kaolin as it is to transform by 



372 


J. E. Harris 


chemical action some of the silicates into colloidal compounds 
which have the power to selectively adsorb the base of any 
salt with which they come in contact. 

That the add is not adsorbed by the soil and kaolin and 
liberated again when treated with a salt solution, was shown 
by treating samples of soil and kaolin with sulphuric add, 
washing out the acid and treating with potassium nitrate 
solution. Although a soluble add was set free in the potas¬ 
sium nitrate solution, no evidence of the presence of the 
sulphate radical could be found. This showed that there had 
been no adsorption of the add. 

To show that the base of the salt is actually adsorbed 
by the soil and kaolin, samples of these substances were 
treated with dilute hydrochloric add, and then with a barium 
chloride solution, the amount of acid that was set free in the 
solution being determined. The soil and kaolin after being 
thoroughly washed were treated again with hydrochloric 
acid and the amount of barium recovered by this process 
determined. It was found that the barium recovered in the 
case of the soil corresponded to 95 percent of the add liberated 
in the barium chloride solution and to 89 percent in the case 
of the kaolin. The soil was found after this second treatment 
with hydrochloric add to have regained all its original capacity 
for liberating an acid from a salt solution. 

Finally it was found that a soil which had been boiled for 
six or seven hours with concentrated sulphuric acid to remove 
the organic matter, after being washed to remove the soluble 
add, had the power of setting free almost exactly the same 
quantity of add from a salt solution as a sample of the same 
soil which had been treated with N/20 or AV40 add and in 
which all the organic matter was present. This would indi¬ 
cate that add soils of the sort investigated (sandy loams) 
owe their addity not to organic matter but to inorganic 
matter, probably to hydrated silicates. 



ELECTRODEPOSITION OF NICKEL 


BY C. W. BENNETT, H. C. KENNY ANI> R. P. DUGUSS 

A number of years ago. Calhane and Gammage' pub¬ 
lished some very interesting facts concerning the deposition 
of nickel from solutions of nickel ammonium sulphate. Al¬ 
though these experiments were made to study the impurities, 
such as iron, deposited with the nickel, they bring out some 
facts which may serve to throw light on the theory of nickel 
deposition. 

In their work, the anodes used were the commercial 
ones, containing about 7.5 percent iron, and about 92 percent 
nickel. The first experiment consisted in the electrolysis 
of the nickel solution (containing about 80 grams of nickel 
ammonium sulphate per liter of water) using the nickel-iron 
anodes and platinum sheet cathodes The current density 
was about 4 amperes per square decimeter, and the current 
efficiency on a one-hour run, was about 88 {percent, the deposit 
containing about 0.15 percent iron. The effect of stirring 
was then tried by running two cells in series, one having a 
stirrer which rotated 130 revolutions per minute, while the 
other had a stationary electrolyte. 1'he efficiency in the two 
cells was practically the same, being about 90 percent. J'he 
iron in the deposit from the still solution was 0.13 percent, 
and that from the stirred solution was 0.36 percent. 'I'he 
effect of rotating the cathode was then tried by running two 
cells in series, the conditions being the same with the ex¬ 
ception that one held a stationary cathode while the other 
had the cathode rotated 130 revolutions per minute. Phe 
efficiency of deposition was 91 percent with the stationary 
and 12 percent with the rotating electrode. The iron con¬ 
tained in the deposit was o.ii percent for the stationary, and 
0.55 percent for the rotating cathode. Cathodes were used 
rotating 260, 519, 1041, and 2160 revolutions per minute, and 

' Jour. Am. Chcra. Soc , 29, 126S (igo?) 
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effidendes of 69, 65, 55, and 40 percent, respectively, were 
obtained. 

Unless the anodes were enclosed in bags, or the cathode 
placed in a porous cup, the iron content of the rotating cathode 
was always greater than that of the stationary ones. 

In view of the fact that nothing has appeared, since this 
publication, to explain the seemingly specific effect, due to the 
rotation of the cathode, it was thought that an explanation 
should be sought with the idea of explaining some other facts 
found with rotating cathodes. Interest was also stimulated 
by the recent symposium on electroplating. 

In checking up the work of Calhane and Gammage, the 
following curves of effidency were obtained, which are plotted 
against time in minutes as ordinate. By running for fiftecr 
minutes and weighing, and then continuing, the effect of time 
is shown very plainly. The rotating cathode shows a lowei 
efficiency than the stationary. The solution used container 
about 7 grams of crystallized nickel ammonium sulphate, anr 
I gram of nickel chloride per 100 cc of water. The anode: 
contained about 0.75 percent of iron. The current densit} 
was 1.5 amperes per square dedmeter. The run giving thi 
third curve at the top of Fig. 1, was made with a solutioi 



Fig. 1 
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containing 8 grams nickel ammonium sulphate crystalline, 

I gram nickel chloride per loo cc of water. The anode 
was 0.14 percent iron, the current density was about 3 amperes 
per square decimeter. Here the anode having the least iron 
content is in the cell which gives the highest efficiency. It was 
therefore thought that iron had something to do with the 
lowering of the efficiency. Attempts were made to obtain 
pure nickel plate which contained no trace of iron for use as 
anode for an efficiency test to see if rotation would have the 
same effect here. It was thought possible that the voltage 
relation might be changed so that iron could be reduced and 
oxidized more easily than nickel deposited and dissolved, 
respectively, and therefore, that these reactions would go on 
more readily than the normal deposition of metal. The 
alternate oxidation and reduction of the iron, if this is the im¬ 
portant factor, would be greatly increased by the rapid stir¬ 
ring and consequent mixing of the anode and cathode com¬ 
partment occasioned by the rotating cathode Attempts, 
however, to get a large amount of pure nickel were futile, 
more or less, so it was decided to change the plan. 

If the cathode is enclosed in a porous cup, the iron will be 
almost wholly kept out, so that some factors would be changed 
with a probable change in the results. Conseciuently, two 
cells were run in series, one w’ith, and the other without the 
porous cup. The solutions were iron-free, and contained, 
as all solutions henceforth, 8 grams of nickel ammonium 
sulphate and i gram nickel chloride per 100 cc of water. The 
chloride was added to aid the solution of the anodes (0.14 
percent iron) which were used in several runs. The anodes 
used here, however, contained 7.6 percent iron. The current 
was as before. The deposits were weighed every fifteen 
minutes for one hour and at longer intervals after that, giving 
the time-efficiency curves shown in Fig. 2. The efficiency 
in the ordinary cell increases continuously, while that of the 
porous cup cell increases, reaches a maximum, and then falls 
off. Inside of the porous cup, the cathode compartment, 
after 15 hours’ run, the solution consisted essentially of a 
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rather concentrated solution of ammonium hydroxide, the 
nickel being almost wholly removed from the compartment 
by deposition. The cathode in the ordinary cell contained 
about 3.5 percent iron, the one in the porous cup containing 
only 0.15 percent. After the run the solution in the ordinary 
cell, 400 cc, had 0.4 gram of iron present. In the porous cup 
cell, 1.6 grams of iron were found inside the cup and 2.1 
grams outside. The iron had practically all been precipitated 
by the ammonium hydroxide inside the porous cup. It was 
deposited before it reached the cathode and hence the iron 
content of the cathode in the cup was low. 



FiK 2 


The fact that the cathode compartment becomes alka¬ 
line leads one at once to an important consideration which 
probably throws light on the deposition of several of the 
metals more electropositive than hydrogen. If the measure¬ 
ment of the voltage required to deposit nickel,' 0.228 volt, 
and the measurement of the overvoltage of hydrogen® at the 
surface of a nickel cathode, 0.14 to 0.21 volt, mean anything, 
the fact that nickel is deposited instead of hydrogen from a 
solution giving a slight acid reaction, cannot be ascribed to the 
overvoltage of hydrogen, for the balance is in the other direc- 

' Wilsmore: Zeit. phys. Chem., 35, 318 (1900). 

Coehn- Zeit. phys. Chem., 38, 618 (1901); Caspar!: Ibid., 30, 93 (1899). 
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tion. It is not going too far, probably, to say that hydrogen 
is liberated at a nickel electrode with a smaller expenditure 
of energy, than that required to deposit nickel. This leads 
directly, then, to the obvious conclusion that nickel cannot be 
deposited from an acid solution. When, however, the solu¬ 
tion becomes slightly alkaline the nickel may be deposited, 
for the concentration of hydrogen as ion becomes practically 
zero in the alkaline solution. In interpreting this statement, 
it must be borne in mind that the acidity of the solution from 
which the actual deposition takes place is con.sidered, and not 
that of the solution out between' the two electrodes. The 
reference is, therefore, to the film of solution which is in actual 
contact with the cathode. 

Under this condition, suppose an electrolysis is begun 
with nickel ammonium sulphate solution with nickel elec¬ 
trodes. The solution being neutral or slightly acid will con¬ 
tain the following positive ions, 

H-, Ni-- and NH4- 

These ions will all take part in carrying the current to the 
cathode. At the cathode hydrogen will be liberated, which 
rejnoval leaves an excess of hydroxyl ions which with the 
NHj* ions corresponds to the ammonium hydroxide which 
accumulates at the cathode. No deposition of nickel can 
take place until the hydrogen is removed and the solution 
becomes alkaline. When this occurs nickel may deposit, 
and the efficiency of deposition will depend on the main¬ 
tenance of a cathode film which is alkaline. The facts ex¬ 
hibited in the curves, Fig. i, are intelligible from this view¬ 
point. When the electrolysis is started, the efficiency is low 
at first, due to the fact that much of the current is used up in 
liberating hydrogen. When these ions are removed, the 
cathode film is alkaline, and nickel deposits with an efficiency 
which gradually increases as the electrolysis proceeds, until 
practically a maximum value is reached, when the cathode 
film of solution is most favorable for the production of the best 
deposit. 



378 C. W. Bennett, H. C. Kenny and R. P. DugUss 

The tendency to deposit hydrogen is greater at a platinum 
cathode than at a nickel cathode, on account of the over¬ 
voltage effect. It might be said, therefore, that with a 
platinum cathode, a low efficiency would be expected, since 
the tendency to liberate hydrogen is greater than when a 
nickel cathode is used. In the former case, some time is re¬ 
quired to build up a surface of nickel, while in the case of a 
nickel cathode, the nickel film is present from the beginning. 
Having the nickel surface from the beginning, the over¬ 
voltage effect would operate over a longer time than in the 
case of a platinum cathode, and the tendency to deposit 
hydrogen would be less in the case of a nickel cathode. If 
the above were true, the efficiency would be lower with 
platinum than with copper or nickel cathodes. When these 
were tried practically no difference could be shown to exist, 
as is shown in Table I. The cells were run in series for 17 
minutes. 

Table 1 

Efft'ot of cathodes on efficiency of deposition 
Cathode material 1 Copper Nickel Platinum 

Efficiency percent 95.5 96. o j 95 3 . 

These differences are well within the limit of experi¬ 
mental error and show that the cathode over-voltage has 
nothing to do with the efficiency. 

If the increase in efficiency with time is due to the ac¬ 
cumulation of ammonium hydroxide at the cathode, this 
condition could be realized synthetically throughout the 
whole solution, by adding to the solution some ammonium 
hydroxide. It ought to be possible to start the electrolysis 
with a high efficiency by adding the alkali to neutralize the 
acid present. Runs were therefore made with solutions 
(190 cc each) to which 2, 5, and 10 cc of i : 10 ammonium 
hydroxide (sp. gr. 0.89) were added. With 2 cc of material 
as is shown in Fig. 3, the efficiency is increased slightly over the 
neutral solution, the amount of increase being very great 
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in the cases with 5 and 10 cc. The solution containing 5 cc 
of ammonium hydroxide always gave a more adherent and a 
better deposit. These runs are with stationary electrodes, 
the anodes being 0.5 percent iron, the cathode being copper, 
held stationary. The current density was about 1.5 amperes 



per square decimeter, and the cells were run in series with a 
coulometer as in other cases. It seems that the efficiency 
can be begun and maintained at almost any desired point 
within limits by adding ammonium hydroxide. The same 
effect is obtained with anodes containing 7.5 percent iron as 
is shown in Fig. 4. It is interesting to note the fact that iron 



is found in the cells after electrolysis as shown in Table II. 
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Table II 

Iron in cells with ammonium hydroxide 


Amt. of ammonia cc 

None j 

2 

5 

10 

Iron in deposit at bottom of 
beaker, grams 

0.0225 

i 

0,0300 

0.0685 

0.0442 

Iron in solution, grams 

0.0144 

0.0092 

Trace 

Nil 


The amount of iron in the precipitate on the bottom of the 
beaker increases as the concentration of alkali increases, 
while the amount in the solution decreases just as it should. 

The explanation of the decrease in efficiency with the 
rotating cathode over the stationary one, becomes apparent 
at once. The rotation of the cathode stirs the solution and 
gives a very effective means of breaking up this alkaline 
film over the rotating part. This broken up, the efficiency 
is low by amounts depending on the efficiency of the removal 
of the ammonium hydroxide from the film. The stirring 
may just as well be considered as preventing impoverishment 
of hydrogen which of course amounts to the same thing, 
viz., prevents the formation of an alkaline film over the cathode. 
The efficiency should begin lower than the stationary one 
and should increase as the electrolysis proceeds, since some 
ammonium hydroxide is piling up in the solution. 

The efficiency of removal of a surface film will depend 
on the speed of rotation. It may be seen, therefore, that 
the efficiency should decrease as the speed of rotation is in¬ 
creased. 

Although the method of removal of this film by stirring 
the solution is an inefficient one, it ought to be possible to 
decrease the efficiency by stirring the solution without rotating 
the cathode. This is a necessary conclusion from the theory 
given above. On the other hand, Calhane and Gammage 
have shown that when a stirrer is rotated 130 revolutions per 
minute the efficiency is not greatly different from the sta¬ 
tionary one. They have carefully avoided stirring more 
vigorously even though it might easily be guessed that stir- 
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ring vigorously out in the center of the solution would prob¬ 
ably disturb the cathode film only as much as that occasioned 
when the cathode itself is revolved very slowly. It seemed 
safe to say, therefore, that if the stirring were more vigorous, 
the efficiency would be decreased. At any rate, since the 
theory requires this, the experiment had to be made. The 
results for two rates of stirring will be shown. The conditions 
were practically the same as before: nickel anodes, 0.14 per¬ 
cent iron, perforated platinum sheet cathodes, solution as 
before (80 grams nickel ammonium sulphate, and 10 grams 



nickel chloride per liter). The current density was about 
1.5 amperes per square decimeter and the cathodes were 
weighed every 15 minutes. No coulometer was used, it being 
desired to see the difference between a stationary solution 
and one which was well stirred. The containers were crystal¬ 
lizing dishes 12.5 cm in diameter, the anode being placed on 
one side and the cathode on the opposite side. Situated 
about 2 cm from the cathode in one cell, was a cylindrical, 
perforated, sheet, platinum electrode about 3 cm in diameter 
and 5 cm long, fastened to a shank or shaft, which was held 
in a chuck and rotated. This gave very good stirring at the 
surface of the cathode sheet. The rotating piece, of course. 
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was not electrically connected, it being used only for stirring. 
One run was made with stirrer rotated at 420, and another 
at 750 revolutions per minute. The former rate of stirring 
gives curve A, and the latter one, curve B, Fig. 5. These 
curves show relative efficiencies of the cells with a still solu¬ 
tion and that with a stirred solution. In other words, they 
give the efficiencies of the stirred solution as compared with 
the still solution which is assumed one hundred percent. From 
these curves the conclusion may be drawn that the efficiency 
of deposition decreases, as the rate of stirring is increased, 
as it should according to the theory just advanced. 

With this, a number of facts become intelligible which 
otherwise are weird. The curve at the top of Fig. i, which 
was run at a higher current density than the other stationary 
curve, shows a higher efficiency because the rate of carrying 
in the ammonium ion is relatively greater as compared with 
its diffusion backward, the current density being higher. 
This gives conditions for the formation of a more alkaline 
film where the current density is higher, and therefore the 
higher efficiency. 

As to the behavior of iron, it may be said that if it is 
deposited at a lower voltage than nickel,’ it will be deposited 
first if it can get to the cathode. Where an ammoniacal film 
exists over the cathode the iron cannot get in, since it is 
deposited as hydrated oxide. But when the film is broken by 
rotation, iron may enter and be deposited. In other words, 
just as was found, the amount of iron in the deposit is greater 
with a rotating than with a stationary electrode. If iron is 
deposited after nickel,’ it would be deposited when nickel 
is impoverished. When the electrode is rotated, this im¬ 
poverishment is prevented. The increase of the iron content 
with increasing rotation would seem to indicate that Kiister’s 
conclusion is due to some specific effect other than the voltage 
relations. On the other hand, it was noted that the solution 


^ Toepffer' Zeit. Elektrocheniie, 6, 342 (1899). 
^ Kiister' Ibid., 7, 690 (1901). 
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became clouded in the cell with a rotating electrode. It is 
possible, therefore, that some of the increase could be due to 
mechanical deposition of the hydrated oxide which presumably 
causes the clouding effect. 

The best deposits are obtained when the solution is 
alkaline at the surface of the cathode. This would mean that 
at the time the best deposit of nickel is being obtained, it 
should be impossible to get iron deposited at the cathode 
unless it be by mechanical occlusion or deposition. 

UTien the solution, which has been electrolyzed, has 
stood, the ammonium hydroxide necessary for good efficiency 
will diffuse away from the electrode and the efficiency will be 
less after standing, less than that obtained if the solution 
were worked continuously. This is shown v^ery well in Fig. 
5 where the solutions stood as noted, and it is seen from the 
cur\'e that the efficiencies are very much lower than if run 
continuou.sly. From the measurements as taken from the 
work of Calhane and Gammage, 12 percent efficiency was 
obtained with a rotation of 130 R. P. M. Then with 260 
R. P. M., 69 percent was obtained. It appears that both 
must have been made in the same solution. If so, it is un¬ 
fortunate that they did not try to duplicate the 130 R. P. M. 
run in the same solution after running the 260 R. P. M, one. 
The efficiency would probably have been about 70 percent 
instead of 12 i)ercent. 

It may be concluded that: 

A good deposit of nickel may be obtained from the double 
sulphate if the solution at the surface of the cathode is kept 
alkaline. 

The efficiency is dependent upon the degree of alkalinity 
of the cathode film. 

The efficiency can be started high and maintained high 
by adding a definite amount of ammonium hydroxide to the 
solution. 

The alkaline solution film at the cathode may be dis¬ 
turbed and the efficiency of deposition decreased, by stirring 
the solution vigorously. 
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Since alkalinity is necessary for good efficiency, it is very 
probable that in acid solutions, nickel is deposited only when 
impoverishment of the hydrogen ions has caused the solution 
to become alkaline and given the conditions where nickel may 
deposit. 

The iron content of a deposit formed on a rotating cathode, 
is greater than that formed on a stationary electrode. This 
may be due to mechanical occlusions. 

The iron content of the anode does not materially affect 
the efficiency. 

Elect roc hemical Laboratory 
Cornell Univenity 



THE THE(3RY OF DYEING. Ill 

BY WILDER D. BANCROFT 

vSince dyeing is in general a case of selective adsorption 
by the fiber, we should expect to find all degrees of adsorption. 
If the amount of adsorption is low and if the fiber consequently 
shows no tendency to exhaust the bath, the dye in the fiber 
will wash out readily and the practical dyer will say that 
that dye does not dye that fiber. For practical reasons the 
dyer does not recognize the innumerable gradations of ad¬ 
sorption which actually occur with different dyes and differ¬ 
ent fibers. To him a dye either dyes or does not dye a given 
fiber Thus, methylene blue is not supposed to dye cotton; 
but one has nevertheless to wash cotton thoroughly to remove 
all the methylene blue. The distinction is a good one prac¬ 
tically; but it should not be allowed to interfere with the 
theoretical treatment of the subject. We are actually deal¬ 
ing with differences in degree, not differences in kind. 

There are some dyes which are not adsorbed strongly by 
wool and very many which are not adsorbed strongly by 
cotton. vSatisfactory results can be obtained only by use 
of mordants/ which are “substances by means of which we 
are able to fix coloring matters, which of themselves have 
[little or] no affinity for the fabric.” The term and conception 
date back a good way. Thus my name-sake- says: “Ad¬ 
jective coloring matters are generally soluble, in a great 
degree at least, by water; though some of them derive their 
solubility from an intermixture of what has been called ex¬ 
tractive matter; which being separated in the dyeing process, 
after the adjective color has been applied to the dyed sub¬ 
stance, their union becomes thereby more intimate and perma¬ 
nent. But in other respects, adjective colors owe their 
durability, as well as their lustre, to the interposition of some 


^ Crace-Calvcrt. “Dyeing and Calico Printing/’ 17 (1878} 

2 Bancroft: “Philosophy of Permanent Colors/' i, 341 (1813). 
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earthy or metallic basis; which, having a considerable attrac¬ 
tion, both for the coloring matter and the stuff to be dyed, 
serves as a bond of union between them, and obviates that 
disposition to suffer decomposition and decay, which naturally 
belongs to such coloring matters when uncombined. These 
earthy and metallic bases, having been commonly employed 
in a state of solution or combinations Avith acids, were from 
that circumstance denominated mordants (biters or corroders) 
by the French, who, indeed, began to employ the term long 
before a theory of dyeing had been conceived; whilst even 
alum was supposed to act by its sulphuric acid, and not by 
the pure clay upon which its usefulness depends, and whilst 
in truth all the other matters called mordants were supposed 
to be useful only by their solvent or corroding powers; and the 
term, having been thus employed, has since been adopted in 
other countries. The ingenious Mr. Henry, of Manchester, 
has, however, lately objected to it with great reason, and has 
proposed in its stead to employ the term basis, which seems 
defective only, inasmuch as it does not express the particular 
affinity or power of attraction, manifestly subsisting between 
these earthy and metallic substances, and the several adjec¬ 
tive coloring matters, as well as between the former and the 
fibers of wool, silk, cotton, etc. I confess, however, that no 
other more suitable term has occurred to me; and being un¬ 
willing to propose new terms, without some cogent reason, I 
shall sometimes employ that of mordant as well as that of basis; 
though not indiscriminately in all cases; since I shall generally 
use the former to signify earthy and metallic substances when 
actually dissolved by some acid, alkaline, or other solvent, and 
when, of course, they will commonly prove more or less cor¬ 
roding or biting, according to the original meaning of the term. 
But the denomination of basis will be most frequently used 
to designate the same earthy and metallic substances, dis¬ 
tinctly and separately from any acid or other solvent, when 
actually fixed in the pores of fibers of wool, silk, etc., or when 
it is not intended to notice any property in them, which may 
more immediately result from their combinations with any 



The Theory oj Dyeing 


387 


particular menstruum. M. Berthollet, indeed, gives the term 
mordant a much more extensive signification, as meaning all 
the different chemical agents capable of serving as intermedia 
between the several coloring particles and the stuffs so dyed 
with them, either for the purpose of assisting their union or 
of modifying it. This last effect (of modification) may, 
however, be produced by a variety of matters besides those 
which are of the earthy or metallic kinds, and indeed by every¬ 
thing capable, not of fixing, but of merely varying the shades 
of adjective coloring matters. These, therefore, I think 
it more proper to designate, not as mordants or leases, but as 
alterants, whose use and application may in this respect be 
extended to substantive as well as to adjective colors.” 

A mordant can be defined as a substance which is adsorbed 
strongly by the fiber and which adsorbs the color strongly. 
When dyeing mordanted cloth, we really dye the mordant 
in most cases rather than the fiber itself. When the mordant 
is dyed with no fiber present, the dyed product is called a lake, 
though the lakes used as pigments are usually thrown down 
on, or together with, barium sulphate, china clay, lead sul¬ 
phate, red lead, or some other suitable medium intended to 
modify the physical properties. For acid dyes the usual 
mordants are the hydrous oxides of aluminum, chromium, 
iron, tin, copper, lead, etc., while the basic dyes are mordanted 
with tannin, fatty acids, albumin, silicic acid, arsenic acid, 
or phosphoric acid. The basic dyes are also sometimes mor¬ 
danted with the direct cotton colors.' vSulphur and other 
substances may be used as mordants in special cases. A 
satisfactory theory of dyeing must account for the action of 
the specific mordants, and also for the action of the so-called 
fixing agents. The metallic mordants can be fixed, or made 
to hold faster to the fiber by treatment with silicates, arsenates, 
phosphates, tannin, or fatty acids, lime, magnesia, and the 
hydrous oxides of zinc, nickel, and cobalt are helpful in 


^ Knecht, Rawson and T.,oewenthal: “A Manual of Dyeing,” 2nd Kcl., 

378 (1910)- 
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of magnesia is insoluble in caustic alkalies, discovered that, 
beside magnesia, other metals possess the property of produc¬ 
ing compounds with alumina insoluble in alkalies, which are 
useful as mordants; and further, that other metallic oxides 
which are soluble in alkalies are capable of yielding, like alu¬ 
mina, insoluble compounds of this character of compound 
mordants. Nickel and cobalt salts, for instance, act better 
than magnesium salts in rendering the precipitated alumina 
insoluble in caustic soda, while tin and zinc salts form with 
each other a compound mordant which is also insoluble in 
caustic soda. Prud’homme maintains that in cotton dyeing 
compound mordants are invariably produced, either inten¬ 
tionally or accidentally on the fiber, and that there is no such 
thing as a simple mordant. The best mordants consist of 
compounds of sesquioxides, like alumina, chromic oxide, or 
ferric oxide, with monoxides, like lime, magnesia, or zinc 
oxide. In some cases treble mordants give even better re¬ 
sults. Thus iron fixed with arseniate of soda or phosphate of 
soda gives better results with lime or magnesia than without 
these oxides.” 

“The mordanting of wool and silk appears to be analogous 
to the dyeing of these fibers, and to depend upon their acid 
and basic properties. Thus, wool boiled with a solution of 
aluminum sulphate fixes both the acid and the basic constit¬ 
uent of the salt; but, being possessed of more pronounced 
acid than basic properties, it absorbs the basic constituent 
more energetically than the acid one, and some free acid is 
left in the solution. By subsequent treatment with boiling 
water, more acid is extracted, and the alumina becomes more 
firmly combined with the substance of the fiber. It is note¬ 
worthy that only such salts which contain the acid and basic 
constituents in a comparatively loose state of combination are 
absorbed by the wool fiber. Thus, whereas the sulphates 
of aluminum, iron, chromium, and copper are readily taken 
up from the boiling solutions by the wool fiber, sodium sul¬ 
phate or sodium chloride are not taken up at all. Chromic 
acid, on the other hand, is readily taken up by wool, and. 
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like the acetates of the heavy metals, is precipitated from its 
aqueous solution by lanuginic acid.’' 

“The application [of the tannin-substances] in dyeing 
is based on the fact that they are readily absorbed by the tex¬ 
tile fibers, notably by cotton, linen, and silk; and on the prop¬ 
erty of forming insoluble compounds in the fibers, on the one 
hand with the heavy metals and with antimony, and on the 
other hand with the basic dyestuffs.” 

“Tannic acid forms lakes with the bavSic colors, which 
are insoluble in pure water, but dissolve in an excess of tannin 
and in other acids. The tannic acids can be converted into 
various metallic salts, which are insoluble in tannic acid or 
in water, and which, when produced in the fiber, resist soaping 
very well. These insoluble salts possess the same property 
as tannic acid in the free state of forming lakes with the basic 
colors; but an excess of the salts has no dissolving action on 
the color lakes, and the products are very stable. There are 
in this way produced in the fiber triple compounds of tannic 
acid, a metallic oxide and a basic color, which are quite in¬ 
soluble in water, and resist both wawshing and soaping ex¬ 
tremely well; and they are also faster to light than the lakes 
of tannin and coloring matter which do not contain a metallic 
oxide.” 

“Sodium phosphate precipitates from the solutions of 
aluminum salts aluminum phosphatCy AlPOi. AL>(vSO,);i + 
2NaoHPOi = 2 A 1 POj + NasvSO^ + 2NaHvSO,. The precipi¬ 
tate forms a voluminous white mass, which is soluble in caustic 
soda, but not in ammonia. It also dissolves in hydrochloric 
or nitric acid, but not in acetic acid. Citric acid prevents 
the formation of the precipitate but not tartaric acid or sugar. 
Aluminum phosphate is soluble in the aqueous solutions of 
other aluminum salts. One equivalent of aluminum sulphate, 
Ab(>504)3, can keep one equivalent of aluminum phosphate, 
AIPO4 in solution, according to Liechti and vSuida. This is 
probably the reason why sodium phosphate is not a good 
fixing agent for aluminum mordants. >Sodium arsenate pre¬ 
cipitates from the solutions of aluminum salts aluminum 
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arsenate as a white powder, which is insoluble in water, but 
soluble in acids. This reaction is used to fix aluminum mor¬ 
dants on the vegetable fibers. Sodium silicate precipitates 
from the solutions of aluminum salts aluminum hydroxide; 
the silicic acid does not combine under these conditions with 
alumina; if the silicate of soda contains an excess of caustic 
soda, the precipitate of aluminum hydroxide may redissoh'e 
in the precipitant.” 

“The composition of the mordant which is retained by the 
fiber varies with the different fixing processes. In almost 
every case aluminum hydroxide is formed either by mere dis¬ 
sociation of the aluminum salt, or by decomposition of the 
same with ammonia, or with sodium or ammonium carbonate, 
or with chalk, etc. In addition, arsenate and phosphate of 
soda generate more or less aluminum arsenate, and phos¬ 
phate; soap produces stearate, palmitate, or oleate of alu¬ 
minum; whereas silicate of soda forms the hydroxide only. 
If the material was prepared with tannic acid, oil or soap, 
tannate, etc., of aluminum is fonned; the mordanting with 
stannate and alum produces only stannic hydrate and alu¬ 
minum hydroxide. In case a basic sulphate is fixed exclusively 
by aging, very basic sulphates are formed, which, being in¬ 
soluble in water, are retained, together with the hydroxide, 
while the neutral sulphate and free acid, which were formed 
by dissociation through aging, are removed by washing. 
It is, however, more usual to pass the goods after the aging 
through some fixing bath--c. g., chalk or phosphate—which 
remove probably the whole amount of the .sulphuric acid.” 

Parry and Coste' say; “The neutral color lakes may, 
in general, be regarded as compounds of one or more natural 
color acids with inorganic bases, with, at times, more or less 
mechanical admixture of excess of base or acid. Theoret¬ 
ically, however, the lake may be regarded as the true com¬ 
pound in the sense described. In the same way the lakes of 
the artificial color must be regarded as true chemical com- 

‘ "The Chemistry of Pigments,” 240 (1902). 
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pounds, although the mechanical admixture plays an im¬ 
portant part in the preparation of the colors in actual practice. 

“For the purposes of the present chapter, artificial color¬ 
ing matters capable of forming lakes may be divided into three 
groups. These are as follows: (i) The artificial color bases 
containing nitrogen in combination with hydrogen, so that 
the base behaves as an ammonia derivative. 12) Artificial 
colors of a purely acid nature, capable of combining with an 
inorganic base (3) Artificial colors in which both acid and 
basic functions exist simultaneously in a well-defined degree. 
vSuch bodies may ho typified by a sulpho acid of an amido 
compound. i 

“In this sense then we understand a true lake, and it is 
necessary to here draw attention to the somewhat free use 
of the word ‘base’ in connection with this subject. As we 
are employing the word, it refers to a compound or an oxide 
of a metal capable of uniting to form a definite compound 
with an acid. The word is also employed (‘lake base,’ etc.) 
when referring to a neutral body, such as sulphate of barium 
or china clay, which is employed as an absorbent, or as a dil¬ 
uent for a color, but in the present work the word will not l)e 
employed in that sense. 

“At the same time it must be admitted that the principles 
of lake formation are not altogether as well understood as 
one could wish. Although we have emphasized the importance 
of recognizing the principle of true chemical combination as 
the basis for the formation of lakes, there is considerable room 
for speculation as to the degree to which this combination 
is carried in a great number of cases which must be regarded 
as belonging to the class of true lakes. It is quite certain that 
advantageous precipitation of color bases takes place, when 
only a small proportion of the calculated molecular equivalent 
of the precipitating acid is used. This is especially the case 
when tannic acid is employed. Here, then, we have a case 
in which, whilst there is certainly a true chemical combination 
of the base and the acid, there exists in the compound far 
more base than the theoretical combination would require. 
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It is usual to use the expression ‘mechanical combination’ 
in such cases, and to escape from the difficulty of a lame ex¬ 
planation by the use of a term which is even more difficult 
to define than the original problem is to explain. In certain 
cases, where a voluminous precipitate, such as that of alumina 
in the hydrated state, is thrown down, a species of ‘ mechanical 
combination’ is not difficult to assume. For example, when 
one adds a solution of ammonia to a solution of alum mixed 
with a salt of calcium, a voluminous precipitate is thrown 
down. It is of such a bulky, gelatinous nature that together 
with the mass of water which assists to make up the ‘jelly,’ 
there is a considerable amount of lime salts; it is next to im¬ 
possible to completely remove these lime salts by ordinary 
washing with water, and when the alumina is filtered off and 
dried, it will be found that there still remains an appreciable 
amount of lime in a state of intimate admixture with the 
alumina. But the quantity is not sufficient to explain the 
almost complete precipitation of a considerable excess of base 
by a small quantity of the precipitating acid, as in the case 
we have quoted. 

“From a prolonged experience of compounds of the in¬ 
organic elements, which are more easily manipulated than 
the organic compounds from this point of view, we are ac¬ 
quainted with well-defined basic compounds, i. e., compounds 
of a base with an acid which are not of normal constitution, 
but contain definite molecular proportions of the base in ex¬ 
cess of that required for the normal compound. In our pres¬ 
ent imperfect state of knowledge concerning the exact nature 
of the combination existing between many organic compounds, 
it appears to us that the most feasible explanation of the some¬ 
what erratic combinations of these lake bodies is the existence 
of an analogous series of compounds to those which, as just 
mentioned, are well recognized between inorganic elements. 
This, however, is merely a matter of speculation, and need 
not, therefore, be further discussed here. We now pass on 
to the consideration of the coal-tar lakes, and in doing this 
we have arranged the lakes in groups according to their colors. 
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without taking their chemical constitution into consideration, 
a practice which, as evident in the earlier chapters, would 
not have been convenient when dealing with the pigments 
of inorganic origin.” 

Friend^ also considers that lakes are or should be definite 
compounds. ”Most natural coloring matters are acidic 
in character, and can, therefore, combine with basic bodies, 
such as the oxides and hydroxides of metals. The products 
thus obtained are colored, and insoluble in water, they, there¬ 
fore, possess two of the qualities necessary to render them 
serviceable as pigments Theoretically, the amount of basic 
substance should be exactly sufficient to neutralize all the 
acid color—neither more nor less- to form a true lake. Prac¬ 
tically, however, this rule is not adhered to, an excess of base 
being usually employed in such quantities as to produce the 
desired shade. The greater the proportion of the base, the 
lighter will be the tint, for obvious reasons. As the color 
and metallic base have such a strong affinity for one another, 
it is generally sufficient to mix solutions of the two, when the 
lake separates out. vSometimes, however, the addition of 
small quantities of sodium carbonate is necessary to effect 
the precipitation.” 

Knecht and Hummel- do not even discuss the po.ssibility 
of the fixing agents not forming definite compounds with the 
mordants. “Silk may be often mordanted in the same manner 
as wool, but as a rule it is treated like cotton, 'fhe silk is 
steeped for several hours iu cold, neutral, or basic solutions 
of chromium chloride, alum, ferric sulphate, etc., then rinsed 
in water slightly, and passed into a cold dilute solution of 
silicate of soda, in order to fix the mordants on the fiber as 
insoluble silicates. Cotton does not, like wool and silk, 
possess the property of decomposing metallic salts, hence the 
methods of mordanting this fiber are more complex, and vary 
according to the metallic salts and coloring matters employed, 

^ “An Introduction to the Chemistry of Paints/* loi (1910). 

“Encyclopedia Britannica/’ iith Ed., 8, 748 (1910). 
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as well as the particular effects to be obtained. One method 
is to impregnate the cotton with a solution of so-called ‘sul- 
phated oil’ or ‘Turkey red oil;’ the oil-prepared material is 
then dried and passed into a cold solution of some metallic 
salt—c. g., aluminum acetate, basic chromium chloride, etc. 
The mordant is thus fixed on the fiber as a metallic oleate, 
and after a passage through water containing a little chalk 
or silicate of soda to remove acidity, and a final rinsing, the 
cotton is ready for dyeing. Another method of mordanting 
copper is to fix the metallic salt on the fiber as a tannate in¬ 
stead of an oleate. This is effected by first steeping the cotton 
in a cold solution of tannic acid or in a cold decoction of some 
tannin matter, e. g., sumach, in which operation the cotton 
attracts a considerable amount of tannic acid; after squeezing, 
the material is steeped for an hour or more in a solution of 
the metallic salt and finally washed. The mordants employed 
in this case are various--e. g., basic aluminum or ferric sul¬ 
phate, basic chromic chloride, stannic chloride (cotton spirits), 
etc. There are other methods of mordanting cotton besides 
those mentioned, but the main object in all cases is to fix 
an insoluble metallic compound on the fiber. It is interesting 
to note that whether the metallic oxide is united with the 
substance of the* fiber, as in the case of wool and silk, or pre¬ 
cipitated as a tannate, oleate, silicate, etc., as in the case of 
cotton or .silk, it still has the power of combining with the 
coloring matter in the dyebath to form the colored lake or 
dye on the material.” 

I propose to show that no definite compounds are formed 
as a rule when dyeing with mordant colors. The fiber ad¬ 
sorbs the mordant, the mordant adsorbs the dye, and the mor¬ 
dant adsorbs the fixing agent. It is not impossible that defi¬ 
nite compounds are formed with special substances or under 
special conditions; but I claim that these are merely unim¬ 
portant cases and that they have no significance for the general 
theory of dyeing. 

The taking up of mordants by wool is like the case of the 
adsorption of alkali or acid, with the exception that the ad- 
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sorbed bases are practically insoluble in water and conse¬ 
quently do not tend to wash out in water to any appreciable 
extent. It is perhaps desirable to give some data, in support 
of this, though it must be admitted that the experiments have 
never been done in the proper way. Pelet-Jolivet' gives 
figures for wool with aluminum chloride, potassium bichromate, 
potassium chromate, and chrome alum. Table I. 

Tablb 1 

3 g wool, 200 cc solutit)n j 5 g wool, 200 cc solution 

Aluminuiii chloride Potassium bichromate 


Grams in solution 

Grams adsorbed ; 

Grams in solution 

Giams adsorbed 

0 007 

i 

0 or)37 1 

0 0976 

0 0024 

0 tx)38 

0 0183 1 ; 

0 1902 

0 CX398 

0 0304 

0 0138 

0 2324 

0 1676 

0 1256 

0 0956 

0 304 

0 206 

0.85CX) 

0 0252 1 

I 101 

! 0 299 

2 1465 


— 

, 


0 392 !i 

— 

1 

5 K wool, 200 

cc solution 

5 g wool, 200 CC solution 

Potassium chromate • 

Chrome alum 

Grams in solution 

Grams adsorbed f 

Grams in solution 

Gidins i dsorhed 

0.1887 

0 01 13 ■; 

0 r8i8 

0 0182 

0 5801 

0.0139 

0 

0 0169 

0 9807 

0 0193 jj 

0 9766 

0 0234 

I 3749 

0 02 51 

1 

I 159 

0 241 



I 743 

257 


One difficulty with these data is that they do not really 
represent the facts. In the case of aluminum chloride, a 
certain amount of this substance purports to have been ad¬ 
sorbed. Though it is not so stated, it is certain that the author 
determined the amount of alumina adsorbed and then cal- 


^ “Die Theorie dcs Farbeprozesses,” 78, 79 f 1910). 



398 


Wilder D. Bancroft 


culated this into aluminum chloride. It is quite impossible 
that the aluminum chloride could have been adsorbed without 
decomposition. .The irregularity of this series is in itself 
a proof of disturbing factors. A similar criticism applies to 
the other cases in Table I. In spite of these defects, it is 
quite clear that there is no evidence for the existence of two 
solid phases, and that, consequently, the taking up of alumina 
and of hydrous chromium oxide by wool is a case of adsorption. 

An independent way to check this conclusion is to postu¬ 
late the adsorption and then to see to what extent this enables 
us to account for and to criticize the results obtained by other 
people. Aluminum salts hydrolyze to a certain extent cold 
and to a greater extent when the solution is heated. The 
hydrous oxide set free may remain apparently dissolved but 
really as a colloidal suspension; or it may coagulate and pre¬ 
cipitate, depending on the conditions of the experiment. 
Other things being equal, the tendency of the alumina to co¬ 
agulate will be greater the higher the concentration of the 
hydrous alumina. Excess of acid will force back the hydrolysis 
and the hydrolysis will be less the stronger the acid that is 
used. Since the fiber adsorbs hydrous alumina, by hypothesis, 
the hydrolysis will proceed farther in presence of the fiber 
than when no fiber is present. While it is true that the hy¬ 
drolysis will proceed farther the less acid the solution, it does 
not follow that the ideal condition for mordanting is a neutral 
or alkaline solution. We must consider also the rate of hy¬ 
drolysis because it is essential for the fiber to hold the hydrous 
oxide as well as to set it free. Consequently it may be beneficial 
to have in the solution substances which retard the precipi¬ 
tation or coagulation of the hydrous oxide. From a neutral 
or basic aluminum sulphate solution, the alumina might 
easily precipitate in relatively large masses which would be 
chiefly on the surface of the fiber and which would not be held 
fast by it. Adding organic acids might very well retard 
coagulation sufficiently to enable the alumina to be taken up 
in a more satisfactory form of the fiber. If one impregnates 
the fiber with a solution of aluminum acetate and then steams 
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the fiber, the acetate will be driven off gradually, and hydrous 
alumina will be set free slowly, thus permitting of a very 
effective adsorption. Since the object of getting the mordant 
into the fiber is to have something there which will adsorb 
the coloring matter, the ideal thing would be to precipitate 
the alumina in the form in which it would hold fastest to the 
cloth, would have the maximum transparency, and would ad¬ 
sorb the greatest amount of dye. It is not probable that 
the mordant can be obtained in such a form that it would 
satisfy all these requirements to the highest degree simul¬ 
taneously. We shall, therefore, expect to find that the prop¬ 
erties of the mordant vary with the treatment and that one 
strikes a balance so as to get the mordant in the form which 
is most generally useful. 

hiechti and Suida’ have done some work on the behavior 
of the solutions of some salts of alumina and iron. “The 
operation of mordanting textile fibers with aluminum, iron, 
and chromium salts consists in presenting solutions of these 
in such a condition to the fiber, that it shall be readily and 
completely impregnated with them, so that under the influence 
of the fiber itself and by certain physico-chemical processes 
the oxides or very basic salts are precipitated thereupon. 
The insoluble metallic compounds thus deposited in, on, or 
among the fibers form the mordant in its narrowest sense, 
combining, as they do, with the coloring matters either chem¬ 
ically or mechanically, thus rendering it possible to dye the 
fiber. Alizarine, for example, is a yellow-colored body which 
alone does not dye, but which can combine chemically with 
the oxides of aluminum, iron, and chromium, to form the 
actual colors —red, pink, black, violet, and reddish brown. 
The authors’ task has been to study what influences the various 
acids, combined with the sesquioxides (RaO.!) of iron, aluminum, 
etc., would have upon the behavior of the salt solutions with 
respect to the fiber to be mordanted. This necessitated the 
study of the dissociation of various normal and basic solutions, 

' Jour Soc. Chem. Ind., 2 , 537 (1883). 
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and also their behavior towards the fibers under conditions 
similar to those which obtain in the practical operations of 
the dyeing and. printing. The present paper deals only 
with the phenomena of dissociation of various alumina and 
iron salts, in which the amount of alumina or ferric oxide was 
exactly the same. Soluble basic salts were prepared from 
concentrated solutions of the normal salts by adding to the 
latter various amounts of sodium carbonate, sodium bicar¬ 
bonate, or the corresponding hydrated oxide. There was also 
prepared a number of normal and basic salt solutions in which 
the base is apparently in combination with only two molecules 
of acid radicals, because such salts play an important part 
in practice. In determining the dissociation point by heating, 
equal volumes of the solutions were put into test-tubes of equal 
diameter, and these were partially immersed in a large glass 
beaker filled with water, and containing a thermometer. 
The water was heated very gradually to the boiling point, 
and the dissociation point was determined from this thermom¬ 
eter, an experiment having shown that it registered exactly 
I ° lower than if placed in the solution in the test-tube. The 
dissociated mordant solutions were allowed to cool in order 
to see if the precipitate would redissolve or not. In de¬ 
termining the dissociation point by dilution, equal volumes of 
the mordants were mixed with gradually increasing amounts 
of water, and the mixtures were allowed to stand for five 
minutes. In this way the exact amount of solution was as¬ 
certained which was just necessary to cause turbidity or the 
beginning of dissociation. To determine the amount of water 
necessary to precipitate the alumina completely the separate 
liquids were filtered and the amount of alumina in the filtrate 
was estimated. In these experiments of dilution a natural 
water containing 0.0748 g. CaO and 0.0114 g. MgO per liter 
was taken, in order to give a practical bearing to them. In 
all cases the dilution was limited to such an amount that the 
CaO and MgO of the water could have no appreciable action. 
With respect to the behavior of the various aluminum mor¬ 
dants, no decomposition took place with any of the normal 
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salts, either in boiling or diluting. With an increase in their 
basic condition the sulphates and acetates, and in a less de¬ 
gree the sulphocyanates, showed an increasing liability to de¬ 
composition by heating, while the basic chlorides were not 
dissociated either by boiling or by dilution, even when four 
molecules of acid radicals were withdrawn. By dilution with 
water there were decomposed only the basic sulphates, sulpho- 
acetates and those basic acetates which contained in solution 
a sulphate, c. g., Na2S()4; whereas, acetates (even when bavSic), 
free from HovSO,, also chlorides, nitrates, and sulphocyanates, 
could be diluted with water at the ordinary temperature with¬ 
out undergoing decomposition. Since it appeared to be of 
practical importance to gain .some definite information as 
to the behavior of the mordants to the fiber, and the amount 
of mordant fixed on the latter during such operations as are 
actually adopted in practice, experiments were made with 
the most usual mordants in the following manner : A weighted 
(juantity of cotton was evenly impregnated with, say, an 
alum mordant until its weight was exactly doubled, and then 
hung in a dry place on glass rods for 36 hours. A certain 
portion was then incinerated in order to determine the amount 
of alumina which the fiber had at its command Another 
portion of the prepared fiber was then dried in a constant air 
current for six hours at a temperature of 40"" C, The fiber 
was then washed for six hours with a definite amount of dis¬ 
tilled water, and the amount of alumina in it was carefully 
estimated. From the number obtained it was possible to 
determine the percentage of alumina which had become fixed 
on the fiber. 

''Aluminum Sulphates, Crystalline aluminum sulphate 
from the Baden Aniline and vSoda Works in Ludwigshafen, 
and also a melted commercial sulphate, were used in order 
to prepare other alumina mordants. These commercial salts 
had as nearly as possible the composition A1 l>(S04);}.i 8H20. 
Basic aluminum sulphates were prepared by partially neu¬ 
tralizing a solution of the above with carbonate of soda crys¬ 
tals, Solvay soda, or sodium bicarbonate, or by dissolving 
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aluminum hydrate in normal aluminum sulphate. The 
strength of the solutions corresponded either to 200g or I50g 
normal sulphate per liter. The following mordants, among 
others, were prepared: 

fi) Al2(S04)3. 2oog normal aluminum sulphate dissolved 
in one liter H2O. 

(2) A1.2(S04)2(0H)2. 200g normal sulphate + 3i.82g 
NasCO,-! per liter, according to the equation: 

Al 2 (S 04 ) 3 .i 8 H 20 + NaiCOs + H 2 O = Al.(vS()4)2(OH)2 + Na2S04 + 

CO2 + iSHjO 

(3) Al2(S04)2(0H) as No. 2, but only isog normal sul¬ 
phate per liter. 

(4) Al4(vS04)3(0H)6 200g normal sulphate and 75.7g 

sodium bicarbonate per liter, according to the equation: 

2Al2(vS04).i.i8H20 -f 6NaHC()3 = Al4(S04)3(()H)« + 3Na2SO, + 

3 C ()2 -f 36H.2() 

(5) Al2(vS04)(0H)4. 300g normal sulphate and i5i.3g 
NaHCOs according to the following equation: 

Al2(S04)3.t8H2() -h 4NaHC()3 = Al2S(),(()H)4 2Na2S()4 + 4C()2 -|- 

18H2O 


Table A 


Formula 


Dissociation on heating 
! vStart I At 100® On cooling 


1. Al2(S04);i 

2. Al2fvSC)4)2(OH)2 

3. Al2(S()4)2(OH)2 

4. Al4(S04)3(()H)a, 

5. Al2(S04)(()H)4 , 

Formula 


Dissociation on 
dilution 


68 ° Jelly Ppt. remains | 

Keeps only a short time 

Attraction of the fiber during mordanting and drying 


Start 

End 

14 vols. 

30 vols. 

j 10 vols. 

22 vols. 

2 vols. 

25 vols. 

i ^/2 VOl. * 

* 


1, Al 2 (vS 04)3 

2 . Al 2 (S() 4 ).>(()H )2 I 

4 . A1,(SC),)..,(0H)6 


AtiOa presented to 
the fiber, grams 1 

0.6971 

0.4473 
o 1527 


AljtOft fixed by the fiber 
grams 

0.0901 
0.2283 
0,0897 


Percentage 

i' 

I 12.92 
! 51.04 

! 58.74 
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From Table A it will be vSeen that the more basic the mordant 
the more readily is it dissociated either on heating or on dilut¬ 
ing with water, and the greater is the proportion of alumina 
fixed on the fiber by steeping, hanging, and drying. Other 
experiments showed that the dissociation was accelerated 
by the presence of Na^jSOi in the mordant solution. 

“Aluminum Sulpha-acetates. -These mordants were pre¬ 
pared either by double decomposition of the normal aluminum 
sulphate with lead acetate or by adding acetic acid to solutions 
of basic sulphates. I'he following mordants among others 
were prepared: 

(1) Al2(SO.i)(CH3C02)i. 200gnormal sulphate and 227.6g 

lead acetate per liter according to the equation; 

Al 2 (vS(h).i.i 8 H 20 -)- 2Pb(CH.,C().)...3H2(') = Al 2 (vS(),)(CH 3 C(>2)4 -f 

2PbS()4 -P 241120 

(2) Al2(S()4)(CH3C()2)3(()H). 200g normal sulphate, 

25.2g sodium bicarbonate and i7o.6g lead acetate per liter, 
according to the equation; 

2Al2(S(18H2O -f 2NaHC();, -f 3Pb(CH;iC02)2..dl-20 = 

2Al2{S()4)(CH.iC02);.(0Il) + .iPbvSO, -f Na2S()4 + r.slbO 

(3) Al2(S04)(CH:iC02)>(0H)2. 2oog normal sulphate, 
3i.8g Na2C03 and ii3.8g lead acetate, per liter, according 
to the equation: 

A1,(S04)3.i 8H20 -t- NasCOa -f- PbiCHiCO-h.^HjO = 

Al 2 (S 04 )(CH.iC() 2 ) 2 {OH )2 -f- PhSOa + NaaSO, 4 - CO- 4 - 21H2O 

(4) Al2(S04)(CH3C02)(()H)3. 2oog normal sulphate, 
loo.gg NaHCOa, 61. ig 29 percent acetic acid per liter, 
according to the equation: 

Al2(vS04).vi8H20 -f 4NaHC03 4 - CH3CO2H = 

Al2(S04)(CH.,C()2)(0H)3 4 - 2Na2SO, 4 - 4CO2 -P 19H2O 

(5) Al2(S04)(CH3C02)(0H)» as No. 4, but only isog 
normal sulphate per liter. 
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Table B 


I Dissociation on heating 
Formula ' 

j cooling 

1. Al2(S04)(CH3C02)4 1 89° I Jelly |Ppt. dissolves 

2. Al2(S04)fCH3C02)3(0H) 70° Jelly Ppt. almost 

I dissolves 

3. Al2(S04)(CH3C02)2(0H)2i 52® Jellv Ppt. remains 

4. Al2(S04)(CH3C02)(0H)8 , Jelly Ppt. remains 

5. Al2(S04)(CH3C02)(0H)3 I 40® I Jelly Ppt. remains 


Dissociation on 
dilution 

1 

Start j End 


12 vols.,50 vols. 
4 vols. 24 vols. 
I vol. '10 vols. 
^ vol. I 7 vols. 


Attraction of the fiber during mordanting 


Formula 

and drying 

AI2O3 presented to Al20<j fixed by 
the fiber, grams the fiber, grams 

Percentage 

1. Al8(S04)(CH3C()2)4 

0 5750 

0 5190 

90 26 

2 . Al2(vS04)(Cn3C()2),(0II) 

0 5012 

' 0 4957 

98 90 

3. Al2(S04)(CH3C()2).(()H)2 

0 1851 

0 1688 

91 19 

4. A1s(S04)(CH8C0j)(()H)3 

0 1987 

0 1914 

9 <> 33 


From Table B it will be seen that with the sulpho-acetates 
of alumina any increase in basicity lowers the dissociation 
point both on heating and diluting with water. All these mor¬ 
dants yield nearly the whole of their alumina to the fiber 
during mordanting and drying, and act therefore much strongei 
than the sulphates. 

''Aluminum Acetates. The normal acetate was prepared 
by double decomposition of aluminum sulphate and lead acC’ 
tate, and the basic acetates were made by adding sodium bi¬ 
carbonate to sgtoions of the normal acetate. The following 
mordants, others, were prepared: 

(1) Alsi(<!iH3C02)6. 20og normal aluminum sulphate and 
34i.4g lead acetate per liter, according to the following 
equation: 

A1.2(vS()4)3.i 8H2() + 3Pb(CH3C02)2.3H2() = 

Al2(CH3C()2)6 + 3PbS04 + 27 H 2 () 

(2) Al2(CH3C02)4(OH)2. 200g normal aluminum sul¬ 

phate with 31.8g Na2C03, and 227.6g lead acetate per liter, 
according to the following equation: 
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Al2(.S(),):,.i8H2() + NajCO., + H2() + 2Pb(ClI,,C02)2.3H2() = 

Al2(CH.,C()2)i(t)Il)2 + 2PbS()4 + NaaSO, + COj + 241120 

(3) Al2(CH;(C02)i(()H)2- 2oog normal aluminum sul¬ 
phate with 341.4g lead acetate per liter, and, after filtering, 
5o.5g NaHCOs added, according to the equation: 

A1..(CH;,C02)6 +■ 2NaHC()3 = Al-lCIhCOalifOII). 4- 

2C-ll3C02r4a -|- 2C-O2 

(4) Al2(CH;tC02j>fOH)4 200g normal aluminum sul¬ 
phate with 341.4g lead acetate, and loig NaHCOs per liter, 
according to the following equation: 

Al2(CH3C( )2)« 4- 4NanCOi = Al2(CH3C02M011)4 4- 

4CH,C02Na 4- ^CO.. 

Tabi.k C 


K( 11 inula 


Dissociation on hcatniR 
Start At i(K>® On cooling 


Dissociation on 
dilution 

Start Iviul 


1. Al,(CIl3a)o), 

2. Al2lCIl.iCOi>)i(( )H)‘2 ^>5 5®Ppt. dense 

powdery Ppt. remains 4 vols. 50 vols. 

3. AlolCHsCOold^ >11)2 74"" Ppt. dense 

powdery Ppt. remains 

4. A12(C1I3C()l>)‘j(OH) 4 44Jelly Ppt. remains 

Attraction of the fiber during moi dan ting 
and drying 

Formula 

AlvO, presented to ^ AbOj lixed by fiber 
the fiber, grains j granivS 

1. Al 2 (CH 3 C() 2 )« 0 2631 I O 1349 51 -’7 

2. Al2(CH;|C( >2)4(014)2 O 2213 i 0 2 201 99 46 


This series of experiments (I'able C') shows also that increase 
in the basicity of aluminum acetate lowers the dissociation 
point on heating, but that by diluting with water they are 
not dissociated, not c\'en when basic. Another scries of ex¬ 
periments showed that the dissociation point of the basic 
acetate on heating was ever raised by dilution. The readier 
dissociation of No. 2 mordant is caused by the presence of 
Na2S04. No. 4 mordant contains no Na-iSO-i. It is worthy 
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of notice that the basic acetate deposits the whole of its alumina 
in the fiber, whereas the normal acetate gives up only half. 
Since the basic acetate experimented with contains sodium 
acetate, the authors purpose determining its influence in this 
respect. 

“Aluminum Sulphocyanates.--These^ were prepared by 
double decomposition of barium sulphocyanate with normal 
aluminum sulphate, the basic ones being made by adding 
NaHCOs to the normal aluminum sulphocyanate. The fol¬ 
lowing were prepared; 

(i) Al2(SCN)6; (a) Ab(SCN) 4 (S() 4 ); (3) Ab(SCN).,(OH); (4) 
Al2(SCN)4(OH)2; (5) Al2(SCN),(OH)5; (6) Al2(SCN),(()H)4 

Contrary to statements which have been made that normal 
aluminum sulphocyanate solutions decompose when heated 
to 40°-50° C, it was found that they could be boiled even 
without decomposition, and only when evaporated over the 
naked fire to a syrupy consistency was there a slight separation 
of alumina. A solution of normal salt made from 20og alum¬ 
inum sulphate per liter only yielded 33.37 percent of its alumina 
to the fiber by steeping and drying, much less, therefore, than in 
the case of all the mordants already tested in this respect 
with the exception of Al2(S04)g. With the exception of No. 3 
mordant, which did not dissociate, all the basic sulphocyanates 
dissociate only on boiling, and increase of basicity simply 
renders the decomposition more complete. None are dis¬ 
sociated on diluting with water. 

“Aluminum Chlorides .—Normal A^CU was prepared by 
dissolving aluminum hydrate in the calculated amount of 
HCl. Basic mordants were made by adding NaaCOj to the 
normal solution. The following were prepared: 

(1) AlsCh; (2) AbChCOH); (3) Al2Cl4(OH)2: (4) Al2a,(OH).,; 
( 5 ) Al2Cl2(OH)4 

None of these mordants dissociate either by heating or by 
diluting with water. The solubility of aluminum hydrate 
in AUCle was tested and the following results were obtained. 
To a solution of Al2Cle a quantity of £duminum hydrate was 
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added sufficient to form the basic salt AbCliCOHjj. The 
alumina dissolved only on heating, and the solution remained 
clear on cooling. To this clear solution a further quantity 
of aluminum hydrate was added sufficient to form the com¬ 
pound Al2Cl2((.)H)4. It was, however, found that no more 
alumina could be made to dissolve, the precipitate even in¬ 
creasing, and on filtering it was found that the solution con¬ 
tained equal molecules of normal AbCh and of HCl. The 
nascent AbCbfOH),) had apparently decomposed according 
to the following formula: 

7Al2Cl2(()II), -f- 2H.2() = 5Al2(()H)f, -(- 2 A 1 ..C 1 « -h 2HCI 

In the same way it was found that, on adding aluminum hy¬ 
drate to Al2(S04),-( solution' sufficient to produce the basic 
compound Al4fS04)3(OH)r, no alumina at all dissolved, the 
filtrate only containing AbOO^},!. Here, too, we must sup¬ 
pose that the nascent basic compound decomposes as follows: 

Al.(S()4).ia)H)« = Al2(t)H)„ -f A 1 ..(S() 4 )» 

Because of the excellent results in the steam alizarine reds 
yielded by the following mordant its dissociation qualities 
and behavior to the cotton fiber were ascertained. The mor¬ 
dant is an aluminum-chloride-acetate, Ab-CbCCHsCOali pre¬ 
pared according to the following equation: 

Al2(S04);t.i81l2O -f 2P1)(CH,,C()2)2.^H2<) + BaCl.2 + 2H2() = 

AluClstCHaCO..). -1- Ba.S(J >4 + 2PbvS(), -f JOPbO 

2oog normal aluminum sulphate, 227.6g lead acetate, and 
73.3g barium chloride were dissolved in one liter of water. 
This mordant dissociated neither on heating nor on diluting 
with water, and yields to the cotton fiber the remarkably 
low amount of 3.26 percent alumina. 

“Aluminum Nitrates.—The normal salt was prepared 
in solution by double decomposition of normal aluminum 
sulphate with lead nitrate. Basic mordants were prepared 
by addition of NaHCOn to the normal mordant. The follow¬ 
ing mordants were prepared: 

(1) AbCNOs)^; (2) Al2(N()3)6(OH); (3) Al2(N03)4(OH)2; (4) 
AlafNOalaCOH).,; {5) Al2(NOa)2(OH)4 
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All the solutions corresponded to 200g normal sulphate per 
liter water. None of these mordants dissociated either on 
heating or diluting with water. 

‘‘Aluminum Phosphate in Solution. It was ascertained, 
contrary to the statements appearing in textbooks, that sodium 
phosphate, Na2HP04, produces no permanent precipitate in 
presence of an excess of A 1 >(SOi).h. It was further proved 
by experiment that two molecules of AblSO+ls are the smallest 
quantity which is capable of retaining one molecule of AlsfPO^)? 
in solution.” 

The first point to be considered in regard to this paper 
is whether these basic salts represent anything more than the 
ratio of added sodium salt to the aluminum salt in solution. 
Liechti and Suida evidently believe that they are dealing with 
dissolved basic salts which are definite compounds. Though 
they do not so state it, their course of reasoning evidently is 
that alumina is insoluble in water, that alumina did not pre¬ 
cipitate, and that, therefore, a soluble basic salt must have 
been formed. The flaw in the reasoning is the assumption 
that the alumina must precipitate because it is insoluble. It 
may stay in apparent solution as colloidal alumina. It is. 
therefore, very, much of a question what one has in the case 
of a solution of any aluminum salt. In Thorpe’s Dictionary 
of Applied Chemistry,' I find the statement that ‘‘the tri¬ 
acetate or normal [aluminum] acetate Al2(CH;tC()2)6 is not 
known. A solution corresponding to this compound, but 
which appears to be a mixture of the diacetate and acetic acid, 
is the only acetate of commercial importance. It is known 
as ‘red liquor’ or ‘mordant rouge,’ and is largely used in dye¬ 
ing and calico printing, especially for the production of red 
colors, madders and pinks (whence its name of red liquor); 
for the production of dense lakes, and for waterproofing 
woolen fabrics.” 

No one would guess the non-existence of the normal 
acetate from anything in Liechti and Suida’s paper, and yet 

‘ “Dictionary of Applied Chemistry,” 2nd Ed., i, 14 
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Crum^ was familiar with the fact. “On the question, as 
to which of the soluble acetates of alumina can V)e considered 
as a definite compound, it has already been stated of the ter- 
acetate, that when e\'aporated rapidly enough, and at a heat 
just low enough to prevent the formation of the insoluble 
salt, it leaves a product whose composition is nearly that of 
a binacetate. It may be added that the solution of teracetatc 
gives off acetic acid as freely in tlu* cold, as if a third part 
of its acid were free. On making an experiment with two 
solutions of acetate of lead one of which was decomposed 
by sulphuric acid and the other f which was three times as 
strong) by tersulphate of alumina it was found that the 
aluminous solution gave a smell of acetic acid considerably 
stronger than that in which the acid was known to be free 
It may be doubted, then, wiiether there exists a combination 
of acetic acid \v\ih alumina corresponding to the tersul])hate 
of alumina. The solution of binacetate has no smell of acetic 
acid at ordinary temperatures.” 

Crum considers that the diacetate, AhCH^CCbl-OH or 
Alo(CH3C()j)i(()H)j, is a definite compound, and this view' 
has been held by all other WTiters since his time. Ii is an 
o])en question w^hether this is correct or not because there is 
said to be a soluble and an insoluble form of the so-called 
diacetate. This in itself sounds like a case of colloidal sus¬ 
pension and of coagulation However this may be, Crum’s 
work on colloidal alumina- show^s that one cannot draw any 
conclusion as to the existence of definite compounds from the 
fact that no visible precipitation occurs. 

“By the continued action of heat on a w^eak solution of 
binacetate of alumina, a permanent separation of the con¬ 
stituents of the salt takes place, although no acid escapes, 
and no alumina is precipitated. The properties of the alumina 
are at the same time materially changed. A solution of bin¬ 
acetate of alumina, diluted so as to contain not more than 


‘ Jour. Chem. Soc ,6, 224 (1854) 
*Crutn: Ibid., 225 11854) 
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I part of alumina in 200 of water, was placed in a close vessel 
which was immersed to the neck in boiling water, and kept 
in that state day and night for ten days. It had then nearly 
lost the astringent taste of alum, and acquired the taste of 
acetic acid. Being afterwards boiled in an open capsule 
acetic acid was freely given off, and when the boiling had 
continued about five hours (the loss of water being continually 
restored), the liquid was found to have retained not more 
than Vu of its original quantity of acetic acid, or about i 
equiv. to 5V2 of alumina. 

“The solution of hydrate of alumina thus obtained has 
nearly the same transparency as before the loss of its acid, 
and is slightly oily. It is nearly tasteless. By longer boiling 
it may be deprived of considerably more of its acid, but there 
is a danger of coagulation. A solution containing '1 percent 
of alumina is converted into a solid transparent jelly, when 
mixed with half its bulk of water acidulated with ','2600 of sul¬ 
phuric acid. The jelly has, therefore, only '/eoo of its weight 
of alumina, and ’/tsoo of sulphuric acid. By pressure in a bag 
the liquid part of this jelly was readily separated, and the 
solid was reduced to or ‘/70 of its original volume. Pure 
water did not dissolve this residue, neither did an excess of 
sulphuric acid, even at a boiling heat. On examination it 
was found that the solid portion had imbibed almost the whole 
of the sulphuric acid. It existed there in the proportion of 
about I equiv. of acid to 15 of alumina. 

“The coagulating power of the various agents may be 
ascertained with tolerable accuracy by employing an aluminous 
solution so dilute as to contain not more than 1 part of alumina 
in 800 of water, and shaking it in a phial with about half its 
volume of a coagulating solution. -In this manner it was 
found that i atom of citric acid (tribasic) coagulates as power¬ 
fully as 3 atoms of sulphuric add, and tartaric add (bibasic) 
as much as 2. Two atoms of oxalic add are required to pro¬ 
duce the same effect as 1 of sulphuric add. Of muriatic and 
nitric adds, not less than 300 equiv. must be employed to 
produce an effect equal to that of i equiv. of sulphuric add 
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—the volume of the acid being always half that of the alumi¬ 
nous solution. No acid has the power of redissolving the 
coagulum.* 

“The alkalies have a strong coagulating power. About 
2 equivs. of potash produce an effect equal to i of sulphuric 
acid, and the same is the case with soda, ammonia, and lime. 
The coagulation takes place before the acetic add which re¬ 
mains in the aluminous solution is fully saturated; for when 
the alkali, in a very dilute state, is added with caution, the 
coagulum which it produces has still an acid reaction. This 
coagulum, like that from sulphuric acid, is insoluble in any 
add, whether cold or hot, as well as in pure water. It dis¬ 
solves, however, in a boiling solution of potash or soda, and 
when the alkaline solution is afterwards saturated by an add, 
the ordinary terhydrate of alumina is thrown down. Large 
quantities, however, of the acetic salts (already formed) 
may be added before they coagulate the aluminous solution.- 
When the solid part of the coagulum produced by a strong 
solution of acetate of soda was afterwards freed from that 
salt by pressure, it redissolved in pure water, and the solution 
was again coagulated by a fresh addition of the salt. An 
experiment with acetate of lime gave the same result. The 
nitrates and chlorides coagulate also with great difficulty. 

“Solutions of sulphate of soda, magnesia, and lime co¬ 
agulate as readily as a liquid containing the same quantity 
of sulphuric add in the free state. On examining one of these 
mixtures, the sulphuric add was found in the solid part of 
the coagulum as before, and the alkali in the fluid part, united 
with the acetic acid which had remained in the aluminous 
solution after boiling. The digested solution of alumina, 

* Since these experiments were concluded, it has been found that by 
employing a wider and shallower iwrcelain vessel, it is possible to boil off, in an 
hour and a half, a much larger proportion of acetic acid than that which is men¬ 
tioned in the text as being done in five hours; and to obtain a product equally 
fluid 

* Hence, in preparing the binacetatc of alumina, which is to be used in 
obtaining the bihydrate, it is better to employ an excess of acetate of baryta, 
than to leave in the solution the slightest trace of vsulphuric acid. 
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which has not been deprived of its acetic acid by boiling, 
requires about twice as much sulphuric acid to coagulate 
it as does the boiled solution, and thirty or forty times as much 
alkali. The coagulation is complete before the acetic acid 
is entirely saturated. One of the most characteristic proper¬ 
ties of the digested and altered acetate of alumina is its loss 
of the power of acting as a mordant. The ordinary acetate, 
as is well known, forms a yellow opaque precipitate with de¬ 
coction of quercitron. That which has been thoroughly di¬ 
gested is merely coagulated by the decoction—the color of 
which is but little altered, and tiie coagulum is translucent. 
The same effect is produced with decoctions of logwood, 
brazilwood, etc.. 

“It has been already mentioned that when the precipi¬ 
tated [insoluble] binacetate is kept for an hour or two in 2(X) 
parts of boiling water, it is changed into the soluble binacetate. 
The substance so produced may be converted, like the original 
solution, into the peculiar bihydrate. Thirty to thirty-six 
hours’ digestion is sufficient to complete the dMinge, for after 
that time the solution has no longer any ta^;^bf alum, and the 
power of coagulating with acids does not increase. A jrortion 
of it was boiled in an open vessel eleven hours, being retained 
at the strength of * 2 percent of alumina by successive addi¬ 
tions of water. The solutions remained quite clear, and be¬ 
came very slightly oily. It then contained only about 1 
equiv. of acetic acid to 19 of alumina. This preparation may 
be considered as free from all other foreign matter, with the 
exception of a trace of iron, which still adheres to it. As 
compared with the solution prepared at once from the soluble 
binacetate, smaller quantities of the reagents are sufficient 
to coagulate it, and the coagulum produced has not more 
than half the density. o.03g of sulphuric acid, or o.o6g of 
sulphate of soda is sufficient to coagulate i.sg of alumina 
in 6oog water, being in the proportion of about i equiv. of 
sulphuric acid to 35 of alumina. An equal quantity of the 
solution was completely coagulated by o.o34g of potash and 
by o.o2og of ammonia. In lx>th of these experiments the 
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acetic acid was not fully saturated. The alkalies then are 
equivalent in coagulating power to sulphuric acid when a 
very small quantity only of acetic acid is present in the solu¬ 
tion .... 

“It is well known that when teracetate of alumina is 
boiled along with sulphate of potash, a gelatinous precipitate 
is formed, which redissolves when the solution becomes cold. 
M. Koechlin-vSchouch found it to be a subsulphate of alumina. 
When alum, dissolved in six times its weight of w^ater, was 
treated with 3 equiv. of acetate of lead enough to decompose 
its tersulphate of alumina, but not tlu^ sulphate of potash 
a large proportion {74 percent) of the sulphate of pota.sh was 
found to be carried down by the sulphate of lead formed in 
the process. To a solution so prepared, the loss was restored 
by an addition of sulphate of potash, and a mixture formed of 

)iS( together with AM 

This solution, diluted so as to contain al)oul 0.3 percent of 
alumina Trom 5 oz. of alum per gallon), was exposed to heat 
At about 90^ F'ahr., the gelatinous precipitate began to form; 
and after tw^o hours’ boiling, when scarcely a trace of alumina 
remained in solution, it was thrown upon a filter of calico, 
which was kept hot within a steam-pan until the filtrate 
passed through, 'I'lie collected precipitate was pressed be- 
tw'een numerous folds of bleached calico, and brought up 
gradually to the state of a stiff clay occupying no more than 
^ of the volume of the original solution. It was then 
divided into portions which could conveniently be shaken 
and thoroughly mixed in bottles with quantities of water 
equal in all to the original solution. The mixture was filtered 
as before and pressed between folds of calico; and another 
repetition having been made of the same process, the pre¬ 
cipitate w^as deprived of every admixture of soluble matter. 

“A portion being dissolved in nitric acid and filtered, 
gave an abundant precipitate wnth nitrate of baryta. Ex¬ 
posed to a white heat, and the residue pulverized and boiled 
in water, the filtered liquor gave no longer a precipitate wath 
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nitrate of baryta, and no indication, or a very doubtful one, 
of alkali to litmus paper; proving that the sulphuric add in¬ 
dicated by the first test had been combined, not vdth potash, 
but with alumina. Mixed with sulphuric add, the sul^tance 
gave no smell of acetic add, and when burned with oxide of 
copper it yielded no more carbonic acid than could readily 
be accounted for by the few fibers of cotton-wool that were 
to be distinguished in the liquid. The substance dried into 
a hard, whitish, semi-transparent matter, easily pulverized.” 

An analy.sis of this product gave results agredng very 
well with the formula Al405S04.ioH20 and Crum assumes 
that he actually has this basic salt. While this is possible, 
it is not proved, and one is rather sceptical about it in view 
of the fact that three slightly differing methods of preparation 
gave varying percentages of alumina, 43.51, 44.16, and 50.71. 
Crum^ also found that a solution of so-called aluminum acetate 
is precipitated by sodium chloride. 

“A solution of teracetate of alumina was produced from 
I pound of acetate of lead in 10 pounds of water, decomposed 
by tersulphate of alumina. After purification, common salt 
was added to it in the proportion of t equiv. to i of tersul¬ 
phate of alumina. The solution, when heated in the water 
bath, became of an opaque n^ite from the deposition of a 
powder so very fine that the mixture passed through the filter 
almost without change. Neither heat nor any other applica¬ 
tion could alter this character. It was left at rest, and after 
some weeks, the liquid, having become nearly clear, was poured 
off, and the precipitate, which had contracted into Vei of 
the bulk of the liquid was mixed again with fresh water 11 
times its volume. After several weeks more the precipitate 
fell again to the bottom of the vessel, when it was mixed with 
a third portion of the fresh water, which again, after four 
weeks, was decanted, and the precipitate dried in a capsule 
at 100° Fahr.” 

On analysis the product was fotmd to contain acetate, 


' Crum: Jour, Chem. Soc., 6, 231 (1854). 
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chloride and sodium even after all this washing. Crum states 
very frankly that he could not make a formula which could 
be stated in atomic proportions. It is quite clear that the 
precipitate was alumina which had adsorbed some acetic acid, 
some hydrochloric acid, and some sodium chloride. 

Graham* has confirmed these results of Crum. “We are 
indebted to Mr. Walter Crum for the interesting discovery 
that alumina may be held in solution by water alone in the 
absence of any acid. But two soluble modifications of alumina 
appear to exist, alumina and metalumina. The latter is 
Mr. Crum’s substance. A solution of the neutral chloride of 
aluminum (AbCla) placed on the dialyser, appears to diffuse 
away without decomposition. But when an excess of hydrated 
alumina is previously dissolved in the chloride, the latter 
salt and free hydrochloric acid are found to escape by diffusion 
in a gradual manner, and the hydrated alumina, retaining 
little or no acid, to remain behind in a soluble state. A solu¬ 
tion of alumina in chloride of aluminum, consisting at first 
of 52 parts of alumina to 48 of hydrochloric acid, after a dialysis 
of six days, contained 66.5 percent of alumina; after eleven 
days 76.5 percent; after seventeen days 92.4 percent, and after 
twenty-five days the alumina appeared to be as nearly as 
possible free from acid, as traces only of hydrochloric acid 
were indicated by an acid solution of nitrate of silver. But 
in such experiments the alumina often pectizes in the dialyser 
before the hydrochloric acid has entirely escaped. Acetate 
of alumina with an excess of alumina gave similar results. The 
alumina remained fluid in the dialyser for twenty-one days, 
and when it was pectized was found to retain 3.4 percent of 
acetic add, which is in the proportion of i equivalent of acid 
to 28.2 equivalents of alumina. 

“Soluble alumina is one of the most unstable of substances,“ 
a drcumstance which fully accounts for the diflSculty of pre- 

' Phil. Trans., 151, 207 (1861); Jour Chem. S»>c., 15, 247 (1862). 

* [This refers to the highly purified substance. It is j>ossible that Liechti 
and Suida considered that the statement applied to all solutions containing an 
excess of base. ] 
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paring it in a state of purity. It is coagulated or pectized 
by portions, so minute as to be scarcely appreciable, of sul¬ 
phate of potash and, I believe, by all other salts; and also by 
ammonia. A solution containing 2 or 3 percent of alumina 
was coagulated by a few drops of well-water, and could not 
be transferred from one glass to another without gelatinizing; 
unless the glass was repeatedly washed out by distilled water. 
Acids in small quantity also cause coagulation; but the pre¬ 
cipitated alumina readily dissolves in an excess of the add. 
The colloids gum and caramel also act as prcdpitants. 

. “This alumina is a mordant, and possesses indeed all 
the properties of the base of alum and the ordinary aluminous 
salts. A solution containing 0.5 percent of alumina may be 
boiled without gelatinizing, but when concentrated to half 
its bulk, it suddenly coagulated. Soluble alumina gelatinizes 
when placed upon red litmus paper, and forms a faint blue 
ring about the drop, showing a feeble alkaline reaction. Solu¬ 
ble alumina is not precipitated by alcohol or by sugar. No 
pure solution of alumina, although dilute, remained fluid 
for more than a few days. Like hydrated silicic acid, then, 
the colloid alumina may exist either fluid or pectous, or it 
has a soluble and insoluble form, the latter being the gelatinous 
alumina as precipitated by bases. It is evident that the ex¬ 
traordinary coagulating action of salts upon hydrated alumina 
mUvSt prevent the latter substance from ever appearing in a 
soluble state when liberated from combination by means of 
a base. 

“Colloidal alumina possesses also, I believe, a high atomic 
weight, like cosilicic acid. The chloride of aluminum with ex¬ 
cess of alumina referred to above appears to be, either in whole 
or in part, a colloidal hydrochloride of alumina, containing 
the latter substance with its large colloidal equivalent, and 
may be really neutral in composition. The soluble persalts 
of iron, tin, etc., are likewise all colloidal, and have no doubt 
a similar constitution. Such colloidal salts are themselves 
slowly decomposed on the dialyser, being resolved into the 
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crystalloidal acid which escapes and the colloidal oxide which 
remains behind. 

''Soluble Mclalumuia. Mr. Crum first pointed out a 
singular relation of acetic acid to alumina, which has never 
been explained. Sulphate of alumina, when precipitated by 
acetate of lead or l)aryta, gives a binacetate of alumina, with 
one equivalent of free acetic acid, the neutral teracetate of 
alumina not appearing to exist It was further observed that, 
by keeping a solution of this binacetate in a closed vessel at the 
boiling point of water for several days, nearly the whole acetic 
acid came to be liberated, without any precipitation of 
alumina occurring at the same time xVIr. Crum boiled off 
this free acetic acid, or the greater part of it, and thus obtained 
his soluble alumina. The same result may be obtained by 
dialysing a solution of acetate of alumitia that has been altered 
!)y heat. In three days the acetic acid was reduced on the 
dialyser to ii percent, giving i equiv. acetic acid to 8 e(}uiv. 
alumina; in six days to 7.17 percent acid; in thirteen days to 
2.8 percent acid, or i equiv, acid to 33 equivs. alumina. The 
alumina exists in an allotropic condition, being no longer a 
mordant; and forming, when precipitated, a jelly that is not 
dissolved by an excess of acid. Met alumina resembles 
alumina in being coagulated by minute proportions of acids, 
bases, and of most salts. Mr. Crum found the solution of, 
metalumina to require larger quantities of acetates, nitrates, 
and chlorides to produce coagulation than of sulphates. The 
solution of metalumina is tasteless, and entirely neutral to 
test paper, according to my own observation. Like alumina, 
the present colloid has therefore a fluid and a pectous form, the 
liquid soluble metalumina, and the gelatinous insoluble 
metalumina.” 

Liechti and vSuida’ commented on the fact “that the basic 
acetate precipitated the whole of its alumina in the fiber 
whereas the normal acetate gives up only half.” This is not 
due to any property belonging exclusively to the fiber. 


Jour. Soc. Chem. lud., 2, 5.^9 (1*^83). 
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Graham* niotes that “to facilitate the separation of hydro¬ 
chloric acid from the perchloride of iron, for instance, that 
salt is first rendered basic by the addition of peroxide of iron. 
The comparatively stable perchloride of iron is transformed 
by such treatment, into a feebly constituted colloidal hydro¬ 
chloride. The latter compound breaks up under the purely 
physical agency of diffusion, and divides on the dialyser into 
colloidal peroxide of iron and free hydrochloric acid.” 

The same thing apparently takes place with chromic 
chloride though it is not stated so definitely.- “The definite 
terchloride of chromium, being a crystalloid, diffuses away 
entirely when placed in solution upon the dialyser. This 
salt dissolves, with time, a certain portion of freshly pre¬ 
cipitated hydrated chromic oxide, and becomes of a deeper 
green color. Such a solution, after dialysis for twenty-two 
days, contained 8 hydrochloric acid to 92 chromic oxide; and 
after thirty days, 4.3 acid to 95.7 oxide, or i equiv. acid to 
10.6 equivs. oxide. After thirty-eight days, the solution 
gelatinized in part upon the dialyser and then contained 1.5 
.acid to 98.5 oxide, or i equiv. acid to 31.2 equivs. chromic 
oxide. This last solution, which may be taken to represent 
soluble chromic oxide, is of a dark green color, and admits 
of being heated, and also of being diluted with pure water 
without change. It was gelatinized with the usual facility 
by traces of salts and other reagents which affect colloid solu¬ 
tions, and was then no longer soluble in water, even with the 
assistance of heat. It appeared to be the green hydrated 
oxide of chromium, as that substance is usually known. A 
inetachromic oxide may possibly be obtained by heating and 
dialysing the acetate, but I have not attempted to form it.” 

Tommasi® has studied the action of aluminum on cupric 
chloride. “Aluminum acts rapidly, even at ordinary tem¬ 
peratures, on a solution of cupric chloride, with libemtion 

1 Jour. Chem. Soc., 15, 265 (1862). 

* Graham: Ibid*, 15, 254 (1862). 

•Bull. Soc. chim. Paris, [a] 37, 443 (1882); Jour. Chem. Soc„ 44, 19 
(1883). 
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of hydrogen and copper, and formation of an aluminum 
oxychloride, the composition of which depends on the con¬ 
centration of the copper solution. With a 31.25 percent 
solution of cupric chloride, the aluminum oxychloride had 
the composition 2Al20«H5.3Al2Cl6, and with a 7.81 percent 
solution, the composition Al2()6HB.4Al2Clfi. These oxychlo¬ 
rides are easily decomposed and will not crystallize. 
They are not true compounds, but variable mixtures of 
aluminum chloride and oxychloride. The action of metallic 
aluminum on the.se oxychlorides yields as a final product the 
compound AI2CI6.6AI2OBH6.12H2O. To obtain this compound, 
a 31.25 percent solution of cupric chloride is treated with 
aluminum until all the copper is precipitated; the liquid is 
filtered, the filtrate heated, and aluminum added in succes.sive 
small quantities until it ceases to dissolve, water being added 
from time to time to make up for evaporation. The clear 
liquid is then evaporated to a syrup, and finally dried at 
40°-50°. In this way the oxychloride is obtained in white 
flakes resembling those of potassium boro-tartrate. A solu¬ 
tion of this oxychloride, like that of ferric oxychloride, is 
precipitated by sulphuric acid and by certain salts, such as the 
sulphates of sodium, ammonium, potassium, magnesium, zinc, 
copper, and iron; but it is not precipitated, even on boiling, 
by the chlorides of potassium, ammonium, sodium, copper, 
or barium, by potassium iodide, potassium bromide, ammonium 
nitrate, or potassium bromide. The aluminum hydroxide 
thrown down is but slightly soluble in sulphuric acid, and 
appears to be an isomeric modification, probably the modifica¬ 
tion 5 , described' by the author.” 

There is no proof for the statement that the oxychlorides 
of varying composition are mixtures of aluminum chloride 
and of a definite oxychloride; and there is no proof that there 
is any definite oxychloride. The fact that the so-called oxy¬ 
chloride is precipitated by sulphate is what one would expect 
of a colloidal suspension and is not characteristic of a true 


^ Tommasi: Comptes rcndus, 91, 231 (1880). 
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solution. It is probable, therefore, that we are dealing en¬ 
tirely with adsorption phenomena. Schneider^ also gives ex¬ 
periments which show that a solution of aluminum diloride 
really contains some or all of the alumina in colloidal sus- 
jK'nsion. “It is a familiar fact^ that traces of sulphuric acid 
precipitate alumina from solutions of basic aluminum chloride. 
I think that it is new that acid aluminum chloride solutions 
arc coagulated by sulphuric acid. Addition of a trace of 
sulphuric acid to an acid aluminum chloride solution con¬ 
taining o.i894g alumina in 400 cc (1 mol AI2O3 to 7.2 mol 
HCl) caused the precipitation of o.0486g alumina, or 25.6 
percent of the total alumina. 

“I have also found it stated in the textbooks that the 
solubility of alumina in acids decreases if the alumina is 
allowed to stand a long time under a solution of ammonia. 
I have not found any reference to the fact that when an 
aluminum chloride solution is formed by dis.solving in hydro¬ 
chloric acid an alumina which had stood for a long time under 
aqueous ammonia, the addition of sulphuric acid causes a 
greater precipitation than when the solution is prepared from 
alumina which has been freshly precipitated with ammonia." 

This last statement would be quite impossible if we were 
dealing with a true solution. It is quite natural if we con¬ 
sider that Schneider was really peptonizing alumina with 
hydrochloric acid and that he was peptonizing a more hydrous, 
or less dense, alumina in one cas& than in the other. It is 
the same difference that we have on precipitation, Graham’s 
method giving so-called alumina while Crum’s method gives 
so-called metalumina. I shall come back to this again when 
I come to the question of burned mordants. 

Muller ‘ has shown definitely that an alumina hydrosol 
is obtained by peptonizing freshly precipitated alumina with 


' Bi'i chcm Ges, Berlin, 23, 1353; Liebig’s Ann., 257, 368 (1890). 

^ Ordway mentions that l)asic altinimum chloride solution precipitates 
alumina on addition of small amounts of sulphuric acid (Am. Jour. Sci., [2 J 26, 

'■* Zeit anorg Chem , 57, (1008; 
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iV/20 hydrochloric acid. “That we are dealing with colloidal 
hydrosols is proved by the behavior of these solutions. They 
are microscopically homogeneous and resemble other colloidal 
sols by passing readily through filter paper. The effect of 
electrolytes is typical. Dilute solutions of univalent acids or 
of salts with univalent cations may be added without pro¬ 
ducing important changes. Acids with multivalent anions 
and salts of these acids (sulphuric acid and sulphates, for 
instance) cause the coagulation of a gelatinous hydrogel 
even when added in very small amounts.” Muller^ also 
points out that the “basic aluminum salts” obtained by Ord- 
way- and others are mythical. 

From all this evidence we are justified in concluding that 
aluminum salts hydrolyze more or less completely when dis¬ 
solved in water. This change takes place slowdy at low 
temperatures and more rapidly when the solutions are heated. 
The reaction products are colloidal alumina and free acid; 
there is no satisfactory e\ idence of the formation of any basic 
salts in solution though the absolute non-existence has also 
not been proved. With aluminum acetate the hydrolysis 
takes place so rapidly that it seems certain that no appreciable 
amount of the normal acetate is formed when equivalent 
solutions of aluminum sulphate and lead acetates are mixed. 
Liechti and Suida were certainly not working with the basic 
salts which they thought they were studying. Since they 
made up their solutions synthetically and did not analyze 
after filtering, it seems possible that none of the solutions 
had the composition that Liechti and Suida have given. Since 
lead sulphate may carry down as much as 74 percent of the 
potassium sulphate from a potash alum solution, ' it is unsafe 
to assume that nothing is carried down from an aluminum 
sulphate solution. 

Liechti and Suida’s experiments on the dissociation of 
aluminum sulphate solutions are just what one would ex- 

‘ Zcit. anorg. Chem., 57, 320 (1908). 

- Am. Jour. Sci., I2I 26, 203 (1858). 

^ Crum: Jour. Chem vSoc., 6, 229 (1854) 
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pect (Table A). With increasing addition of sodium car¬ 
bonate, a precipitate is formed more readily both on heating 
and on dilution. The more dilute solution, No. 3, coagulates 
more readily than the more concentrated one. No. 2. The 
sulpho-acetates. Table B, also behave as they should. The 
hydrolysis proceeds farther with a weaker acid, acetic add, 
than with sulphuric acid and there is enough sulphate present 
to act as a coagulating agent. The sulpho-acetates arc more 
readily decomposed both on heating and on dilution than the 
corresponding sulphate solutions. The acetates. Table C, 
do not coagulate on dilution, presumably owing to the ab¬ 
sence of a predpitating agent. No. 2 solution seems an 
exception but the reason for this was pointed out by Liechti 
and Suida though they did not understand it. This solution 
contained sodium sulphate. I have not been able to find any 
spedal experiments on the effect of sulphocyanates on col¬ 
loidal alumina. To account for the fact as noted by Liechti 
and Suida, one must assume that sulphocyanates have a lesser 
predpitating power or a greater peptonizing power than 
acetates. This assumption is a plausible one because we find 
that acetates come between sulphates and sulphocyanates 
in their action on gelatine and on albumin.' The chlorides, 
chloride-acetates, and nitrates of aluminum all behave as 
they should in view of what was shown by Crum in regard to 
the coagulating action of the various acid radicals. If we 
wanted any further proof that we are not dealing with defi¬ 
nite basic salts, we could find it in the fact that Liechti and 
Suida were able to prepare what they called Al2Cl2(OH)4 by 
adding sodium carbonate to an aluminum chloride solution 
but were not able to go beyond what they called Al2Cl4(OH)2 
by dissolving alumina in aluminum chloride. Of course this 
is not absolutely conclusive because Liechti and Suida did not 
add sodium chloride to the second solution and consequently 
the solutions were not strictly comparable; but this difference 
is probably not of much importance. - 


^ Freundlich: Kapillarchemie, 418, 425 (1909). 
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I/iechti and Suida’s experiments on the behavior of solu¬ 
tions of aluminum salts in presence of cotton are very disap¬ 
pointing. They had the right idea in making up most of the 
solutions to contain the same amount of alumina per liter; 
but, after that, they seem to have gone all to pieces and to 
have tried to make their experiments as little comparable as 
possible. Instead of leaving the cotton in the solution until 
equilibrium was reached, they impregnated the cotton with an 
alum mordant until its weight was exactly doubled. Heer- 
mann’ showed that with silk “the maximum increase in weight 
(fiber and mordant) is reached after periods of mordanting 
ranging from six homs to two days,” the salts used being 
those of tin, iron, chromium, and aluminum. While it is not 
legitimate to assume that cotton would behave exactly like 
silk, the very fact that Liechti and Suida took pains to stop 
the treatment when the weight was exactly doubled, shows 
that they did not await equilibrium. The experiments in 
any single series are therefore not comparable and the different 
series are not comparable because Liechti and Suida de¬ 
termined the amount of alumina fixed on the fiber after drying 
in a constant air current for six hours at 40°. This may of 
course give results with a volatile acid like acetic acid which 
dffer from those obtained with sulphuric acid. As might be 
expected, one can draw any conclusions one likes from the 
experiments. In Table A the percentage alumina fixed on the 
fiber increases from 12.9 with aluminum sulphate to 51.0 
with so-called Al2(S04)2(OH)2, and to 58.7 with so-called 
Al4(S04)3(0H)6. From this Liechti and Suida draw the 
conclusion that the more basic the mordant, the greater is the 
proportion of alumina fixed on the fiber by steeping, hanging, 
and drying. The absolute amounts of alumina fixed on the 
fiber are shown by Table A to be o.OQoig, o.2283g, and 
o.o897g from which we could draw the conclusion that more 
alumina is fixed from a moderately basic mordant than from 
one that is either more or less basic. When we look up in 


* Jour. Soc. Chem. Ind., 22, 361 (1903)- 
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Table A the total amount of alumina taken up by the fiber 
while the cotton is doubling in weight, we find that the figures 
are 0.697ig, oo4473g o i527g from which we could 

conclude that alumina is taken up (not fixed) more rapidly 
the less basic the mordant. These three sets of conclusions 
show how futile the experiments of Liechti and Suida are so 
far as giving us any real information. The matter is almost 
equally bad with the sulpho-acetatcs. Table B. With the 
most basic mordant the percentage of alumina fixed is 96.3 
as against 90.3 with the least basic but the absolute amount 
fixed is o.i9i4g with the most basic mordant and o.siSog 
with the least basic. In all the cases where acetate and 
sulphate are both present in the solution, Tables B and C, the 
percentage alumina fixed by the fiber varies between 90 and 
99. In the only case in which a straight acetate mordant 
was used the percentage alumina fixed was only 51. No 
experiments are therefore available on a basic acetate mordant 
containing no sulphate. It is difficult to see of just what u.se 
Liechti and .Suida’s experiments with cotton are. 

The question as to the form in which mordants are taken 
up has been answered by Heermann' for the case of silk. 
“Raw and boiled-off silks which had been mordanted at 30° 
with stannic chloride, basic ferric sulphate, chromic chloride, 
and aluminum acetate were examined with a view to ascer¬ 
taining in what form the mordant was present in the fiber. 
The silk was mordanted, washed thoroughly with water, and 
titrated directly with standardized sodium hydroxide solu¬ 
tion; this method gives a direct determination of the amount 
of acid radical present in the mordanted fiber in the form of 
basic salt; its accuracy was checked by fusing the fiber with 
alkali hydroxide, and determining the amount of acid radical 
in the usual manner. A deduction was necessary from these 
results since traces remain adhering mechanically to the fiber, 
even after most careful washing, and this was ascertained by 
substituting for the mordanting a treatment with a solution 


* Jour Soc Chem. Iiid., 23, 1143 (1904). 
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of the acid of which the radical was present in the mordant, 
the other conditions of the process, and the analytical method 
being the same as above. It was found that considerable 
range in the concentration of the acid solution used has no 
effect on the amount of acid adhering to the fiber ; c. e., treat¬ 
ment with I, 5 and 10 percent solution of hydrochloric acid 
resulted in the same percentage of acid being retained in each 
case. The analytical data were completed by a determination 
of the amounts of metallic oxide present in the fiber, 'i'he 
results were as follows, in the case of the tin mordant, the 
raw silk was found to contain 155 mols of stannic oxide to each 
atom of chlorine, corresponding to a formula of v^^nCb - 
6i9Sn(()H)i, and a basicity number of o.cx>i9, boikd-off 
silk contained 143 mols of stannic oxide to each atom of 
chlorine, corresponding to SnCb 57iSn(()H)4 and a basicity 
number o.cx)2i. With the iron mordant on raw silk. 111 
mols of ferric oxide were present to each mol of S():s, i. c., 
hVwjSOrjOHfi,.*, basicity number 0.008; on boiled-off silk, 
91 mols FeoOa to i mol of vSCb. or FeiH-iSO:,(()H).,i4. basicity 
number 0.0096. Chromium mordant on raw silk, 40 mols of 
chromic oxide to i atom of chlorine, or CrnoChOH basicity 
number 0.009, on boiled-off silk, 44 mols of Cr 4 )., to each 
atom of chlorine, or CrshCKOHl-ia-i, basicity number o.(K)8. 
Aluminum mordant; in neither raw nor boiled-off silk could 
any acid radical be detected, showing that the aluminum was 
present as hydroxide. It would thus appear that for all 
practical purposes, the mordant is not present in the fiber 
in the state of a basic salt, but in the form of the hydroxide. ’ 

We do not seem to have corresponding data for cotton; 
but there seems to be good reason for assuming that the 
basic mordants really are the hydrous oxides^ proper and are 
not, in general, basic salts. 

Heennann- has also studied the effect of temperature on 
the amounts of various mordants taken up by silk. “Silk 

* Cf. Knccht, Raw.son anti Lt)ewcnthal: Manual of Dyeing. ’ 

Hd., J34 (igio). 

* Jour. Soc. Chem. hid., 22, 623 (1903); 23, 57 U904). 
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was mordanted for six hours at temperatures ranging from o° 
to 30° C, at intervals of 5° with tin, iron, chromium, and 
aluminum mordants. At temperatures between 0° and 5°, 
iron and chromium mordants were adsorbed with great 
difficulty; tin mordants slightly more easily. With iron and 
tin mordants, the temperature has practically no effect on the 
amount adsorbed by boiled-off silk, but the amount adsorbed 
by raw silk increases considerably with the temperature, 
reaching a maximum at 30°. Chromium mordants act in 
just the reverse manner, viz., the temperature has no effect 
on mordanting raw silk; but boiled-off silk adsorbs more of the 
mordant as the temperature rises; with aluminum mordants, 
raw and boiled-off silks adsorb increasing quantities up to 
20°, when a maximum is reached.” “It is found that at low 
temperatures, o°-5 the penetration of the fiber (previously 
moistened with water) by the mordanting salts and the ad¬ 
sorption by it of metallic oxides take place slowly and with 
difficulty, owing to the reduction in the power of diffusion 
of the salts in solution at such temperatures. Hence the silk 
tends to become unevenly mordanted. At i5°-20° the fiber 
is penetrated with ease by the salts, and mordanting takes 
place more regularly.” 

We can now consider some of the problems that come 
up in the actual mordanting of wool.* “Wool differs essen¬ 
tially from cotton in its behavior toward the alumintim salts 
and is mordanted in a totally different way. The investiga¬ 
tions of Liechti and Schwitzer* have thrown much valuable 
light on the reactions which take place in mor danting wool. 
Experiments have shown that wool takes up sulphuric and 
hydrochloric acids in the free state, retaining them with such 
force that they are only imperfectly removed by repeated 
boiling out with water. In a similar manner salts are taken 
up. The wool fiber possesses both basic and add character, 
and seems to dissodate the salt by combining both with 

^ Knecht, Rawson and Loewenthal: Manual of Dyeing/’ and Hd., 

236 (1910). 

2 Jour. vSoc. Chem. Ind., 5, 526 (1886). 
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the acid and with the base, the base being taken up either in 
the free state or in the form of a basic salt. This reaction 
takes place most completely at the boiling point. Aluminum 
sulphate, for instance, is most readily decomposed by the w'ool 
fiber into basic sulphates and free acid, especially at or near the 
boiling temperature. The alumina which is thus taken up 
is retained in an insoluble form with considerable force by the 
fiber; no fixing agents are required as in the case with cotton; 
the fixation takes place simultaneously with the impregnation 
in the mordanting bath under the influence of the elevated 
temperature. The basic salts, which are fixed on the fiber, 
undergo a further decomposition by w'ashing with water; 
they lose acid, and become more basic, while the acid is re¬ 
moved by the wash water. 

“The wool fiber attracts, also, finely-divdded precipitates 
from liquids, and retains them with great energy. This power 
of attraction is comparatively weak in cold liquids, but it 
increases with the temperature, so that considerable amounts 
of such precipitates can be attached to the wool by prolonged 
boiling, although not fast enough to resist washing and rub¬ 
bing. By the action of the wool fiber on aluminum sulphate 
a precipitate of basic aluminum sulphate may be produced 
and boiled on to the wool fast enough to resist washing with 
water, although it is only mechanically fixed on the surface 
of the fiber. These superficially fixed mordants produce, in 
dyeing, color lakes, which adhere still more loosely to the surface 
of the fiber, and possess in a high degree the defect of rubbing. 

“On the contrary, mordants which have entered into an 
intimate combination with the substance of the fiber are less 
liable to produce color lakes which rub off. To attain this end 
the mordanting salt must possess a certain resistance to the 
dissociating action of the wool, so as to allow of its penetrating 
into the interior of the fiber before it is decomposed and fixed, 
and of the dissociation and absorption taking place simultane¬ 
ously, without the intermediate formation of a precipitate in 
the liquor, which might be attracted and mechanically fixed 
by the wool. 
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“Taken as a whole, the salts of oxalic and tartaric acid 
fulfill these conditions best—a fact that reminds us of the 
property of the non-volatile organic acids to impede the 
precipitation of aluminum hydroxides by alkalies or other 
agents. On the other hand, the basic aluminum sulphates 
are entirely unsuitable for the mordanting of wool, because 
they dissociate before they are taken up by this fiber. 

“Liechti and Schwitzer have compared the action of 
sulphate, oxalate, and tartrate of aluminum in mordanting. 
They prepared solutions of oxalate Al2(C304)3, and of 
aluminum tartrate, Al2(C4H.,t)6)3, by dissoK-ing two equiva¬ 
lents of aluminum hydroxide, Al(OH)3, in three equivalents 
of oxalic and tartaric acid, respectively. If wool is boiled in a 
solution of normal aluminum sulphate the bath becomes ex¬ 
hausted if less than 5 percent sulphate (of the weight of the 
wool) is used. Larger amounts leave increasing proportions 
in the liquor. The mordanting baths become turbid on boil¬ 
ing by separating an insoluble aluminum salt. A part of 
the precipitate thus formed becomes mechanically fixed, and 
is removed on washing, the wash waters being turbid; a part 
remains in the mordanting liquor. The wool which has been 
mordanted gives an acid wash water on treatment with boil¬ 
ing water—thus proving that the aluminum sulphate has been 
decomposed, and that not merely alumina but free acid has 
been extracted from the mordanting bath. If sulphuric acid 
is- added to the mordanting hath, the decomposition of the 
mordant is less rapid, and it is better fixed than when the 
normal sulphate is used alone. Comparatively large quan¬ 
tities of sulphuric acid are necessary - -more than three equiva¬ 
lents H2 vS() 4 of the sulphate, Al2(S04)3, and the effect of the 
acid decreases with an increasing dilution of the bath. 

"Alum is a somewhat less efficient mordant than 
aluminum sulphate; this is evidently due to the dissociating 
effect which is exerted by the alkaline sulphates present in the 
former salt. 

"Normal aluminum oxalate, Al2(C204)3, is almost com¬ 
pletely taken up from the mordanting bath. A smaller 
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amount of precipitate remains in the liquor, and less can be 
removed from the wool than in the case of mordanting with 
the normal sulphate. The wool, on treatment with boiling 
water, gives, in this case also, an acid wash water. 

''Normal aluminum tartrate, Al2(C4H40fij3, if used as the 
wool mordant, leaves scarcely any precipitate in the bath, 
aiid does not give up any to the wash water. On treatment 
with hot water, the wool imparts also to the latter an acid 
reaction. Boiling water does not remove the mordant proper. 
Wool which had been boiled out several times with distilled 
water after mordanting, gave, on dyeing with alizarine, more 
brilliant and fuller colors than wool which had been dimply 
rinsed in water The normal tartrate can be replaced, with 
excellent results, by a mixture of one equivalent of aluminum 
sulphate and three ecjuivalents of tartar (acid potassium 
tartrate) 

Al2{S()4)3 "f* ~ Alj<C 4 Ibl )*,l.j "!■ b- 

In this case, as shown by the equation, a mixture of normal 
aluminum tartrate and acid potassium sulphate is formed. 
If the normal tartrate is prepared by double decomposition, 
e. g., with normal potassium-sodium tartrate (Rochelle salt), 
as in the following equation: 

2Al2(S()4)3 4“ oKNaCiHi^ — 2Ab(CjH4nr,);{ 3Kl*S()i -f- 

the results obtained are not as good as those with the j^ure 
tartrate or with the mixture produced with tartar These 
facts lead to the conclusion that the tartrate is similar to other 
aluminum salts, and is more rapidly dissociated in the ])resence 
of alkaline sulphates than in the pure state; and that in the 
case of a mixture of aluminum sulphate and tartrate being 
used, the acid sulphate prevents a premature dissociation. 

“An examination of the spent mordants and dye-baths 
shows that the mordanting is most perfect in the case of the 
tartrate, the whole of the alumina being fixed in a permanent 
manner. It appears that not only the hydroxides b\U also 
true basic aluminum salts are deposited by the mordanting 
processes in the fiber, as on dyeing the well-washed wool with 
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alizarine, the spent dye-liquors invariably show an acid re¬ 
action. These theoretical considerations and experiments 
are in perfect harmony with practical experience. 

“ Basic aluminum sulphates are not used as wool mordants, 
neither are the acetates nor sulphate-acetates, as they dissociate 
too rapidly and give poor results. By depositing too much 
of the mordant on the surface, they make the wool harsh and 
give rise to uneven dyeing and rubbing. Thiocyanate of 
aluminum, which is not as sensitive as the acetates, is a very 
good wool mordant; but its general employment is prevented 
by its high price. 

“The aluminum mordant par excellence for wool is 
aluminum sulphate, either alone or in conjunction with acids 
or acid salts. In some cases the sulphate is used without any 
additions. Most generally, however, a mixture of the sul¬ 
phate with the tartar substitutes is required to obtain full and 
brilliant colors which do not rub off. These tartar substitutes 
are sodium bisulphate or oxalates, or they consist of tartar 
which has been prepared with sufficient sulphuric acid to 
convert all of the potassium into potassium sulphate. From 
the foregoing it appears that none of these ‘substitutes’ can 
replace the tartar completely, because the action of the latter 
depends on the'formation of aluminum tartrate by double de¬ 
composition. They have, of course, some effect, as has also 
sulphuric acid. For a full shade about 6 to 8 percent 
aluminum sulphate and 5 to 7 percent tartar (of the weight 
of the wool) are necessary. The quantity of tartar may be 
reduced to about half this amount, or it may be partly or even 
wholly replaced by sulphuric, hydrochloric, oxalic acid, bi¬ 
sulphate or sodium, etc., with very good, though not equally 
fine, results. About 4 percent of sulphuric acid (of the weight 
of the wool) is used, if the amount of water does not exceed 
50 to 60 times the weight of the wool; otherwise more acid 
must be applied. When sulphuric acid has been used in 
mordanting, it is often beneficial to add about 5 percent 
sodium acetate to the ultimate dye-bath to neutralize the 
mineral acid which always remains in the wool fiber (and 
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which otherwise would be converted into potassium sulphate 
if tartar had been employed). The mordanting bath is pre¬ 
pared with the necessary quantities of aluminum sulphate and 
tartar (or its substitutes) and the wool is entered at a low 
temperature. During one to one and a half hours the bath is 
heated gradually to boiling and boiled for half an hour more. 
When the bath has cooled down the wool is taken out and 
thoroughly washed in water; boiling out with water is bene¬ 
ficial. It has been shown that washing is absolutely neces¬ 
sary to remove all loosely adhering mordants and to prevent 
rubbing of the ultimate color. The washing, moreover, re¬ 
moves some of the acid, which is absorbed by wool, and would 
be injurious in dyeing. The washed wool is ready for dyeing; 
it should not be allowed to dry, as it is then very difficult to 
wet out again.” 

In the chapter on mordants Herzfeld' says: “It is 
well known that wool has acid and basic properties, the 
latter (?) enables it, when boiled in a bath of aluminum sul¬ 
phate, to decompose the salt and to precipitate basic salt or 
alumina on the fiber. This takes place very rapidly and the 
precipitate is not properly adsorbed by the fiber. The pre¬ 
cipitation takes place more slowly and more regularly if 
organic acids are present, wherefore o.valic acid, lactic acid, 
tartar, or something similar, is always added when mordant¬ 
ing wool. I'hese counterbalance the effect of the mineral 
acid set free in the process.” 

Beech^ discusses the mordanting of wool. “ The mordant¬ 
ing method is one of the most generally useful. It consists 
in first causing a combination of the metal with the wool 
fiber. This is carried out by boiling the wool in a solution of 
the metal, such as bichromate of potash, chrome alum or 
chrome fluoride, when chrome is to be used as a mordant, 
with alum or sulphate of alumina when alumina is required 
to be deposited on the fiber, and with copperas when iron 


‘ "Das Farben und Bleichen der Textilfasern,” 58 (,1900). 

- "The Principles and Practice of Wool Dyeing,” 71 (1902). 
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is to be the mordant. It is best to add a little oxalic acid, 
cream of tartar or tartaric acid to the mordanting bath, which 
addition helps in the decomposition of the metallic salt by the 
wool fiber, and the deposition of the metallic oxide on the 
wool. With bichromate of potash, sulphuric acid is often 
used, much depending upon the character of the mordant re¬ 
quired. vSome dye-stuffs, such as logwood for blacks, work 
best when the w'ool is mordanted with chromic acid, which is 
effected when sulphuric acid is the assistant mordant. (Jther 
dye-stuffs, such as fustic, Persian berries, and alizarine yellow, 
are l)est dyed on a basic chrome mordant, which is effected 
when tartar or oxalic acid is the assistant mordant used, 
or when some other form of chrome compound than bichromate 
is employed. 

“The actual mordanting is done by boiling the wool in a 
bath of the mordant, the quantity of which should be varied 
according to the particular mordant that is being employed 
and to the quantity of dye-stuffs which is to be used. It is 
obvious that for fixing a deeper shade of, say, alizarine on the 
wool, a larger quantity of mordant will be required than to 
fix a pale shade; sometimes this point is overlooked and the 
same amount of mordant employed for pale or deep shades. 
The best plan of carrying out the mordanting is to enter the 
wool in the cold bath or at a hand heat, and then raise to the 
boil and continue the boiling for one hour; of course the goods 
should be kept turned over during the process to facilitate 
the even mordanting of the wool. A great deal of the success 
of dyeing with the dye-stuffs now under consideration de¬ 
pends upon the efficiency with which the mordanting has been 
carried out. If this is at all unevenly done, then no amount 
of care in the succeeding dyeing process will lead to the de- 
velojpment of an even dyeing. After the mordanting is 
finisfed, the goods should be rinsed with water, but it is not 
neoeisary to dry them.” 

These results are exactly what one can predict according 
to the adsorption theory of mordanting because the theory 
was designed with that in mind. The more basic the solution 
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the greater the hydrolysis and the more rapid the precipita¬ 
tion. Consequently so-called basic solutions cannot be used 
with wool. While aluminum sulphate does not hydrolyze so 
much as the aluminum salt of a weaker acid, the coagulating 
effect of sulphate causes the alumina to precipitate more 
rapidly and in a less satisfactory form. Addition of sodium 
sulphate increases the concentration of sulphate and makes 
matters worse. Addition of sulphuric acid tends to work 
both ways. The increase in acidity cuts down the hydrolysis 
and tends to prevent precipitation of alumina. Increase 
in the sulphate concentration tends to increase the rate of 
coagulation. The effect due to the increasing acidity is the 
more important one and consequently an aluminum sulphate 
.solution, acidified with sulphuric acid, works better than an 
aluminum sulphate solution which has not been acidified at 
all, and very much better than an aluminum sulphate solution 
to which sodium sulphate has been added. If we acidify with 
an organic acid the two factors work together, because the 
organic acid acts as a ])eptonizing agent on alumina instead of 
pectizing it as sulphates do. Those organic acids are the most 
satisfactory which are the most effective in preventing rapid 
coagulation of the alumina. It is worth while to compare 
the three quoted statements in regard to this point Knecht, 
Rawson and Loewenthal say that the aluminum salts of 
oxalic and tartaric acids possess a certain resistance to the 
dissociating action of wool, which is not true because these 
salts hydrolyze considerably more than the sulphate. Beech 
says that addition of oxalic acid, cream of tartar or tartaric 
acid to the mordanting bath helps in the decomposition of the 
wool salt by the wool fiber, which is not true, because in¬ 
creasing the acidity cuts down the hydrolysis. Herzfeld is 
perfectly right in saying that precipitation takes place more 
slowly and more regularly if organic acids are present; but 
this is not especially helpful because he does not make any 
attempt at an explanation why organic acids should have such 
an effect. Instead of this jumble of contradictory explana¬ 
tions, the adsorption theory straightens the whole matter 
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out; what happens is just what one would expect from a 
knowledge of the chemistry of the reacting substances. What 
has been said about oxalic and tartaric adds applies with 
suitable modifications to formic acid* and to lactic add.* 

Having taken up the case of alumina mordant in such 
detail, it hardly seems necessary to discuss the other metallic 
mordants now. The same principles are involved and the 
slight differences in behavior do not seem to present anything 
new.* The difference between the mordanting of wool and 
of cotton is what one would expect from the lesser adsorbing 
power of cotton. With cotton the solutions must be more 
basic and the use of a fixing agent for the mordant is more 
important. 

There is. one more point about alumina mordants which 
I wish to establish before bringing this first paper on mordants 
to a close. The brilliancy of a mordanted color will depend 
very largely on the transparency of the mordant. The most 
brilliant colors are obtained with a tin mordant' apparently 
because this mordant is the most transparent. Cajar* finds 
that when soda is added to a cold aluminum sulphate solution, 
the precipitate is white and has a distinct covering power. 
If the precipitate is heated or if soda is added to a hot solution 
the precipitate is more transparent. This is in line with the 
general fact that precipitates are less amorphous and more 
crystalline the higher the temperature of precipitation® pro¬ 
vided the other conditions are kept the same. Raising the 
temperature of the mordanting bath therefore gives a more 
transparent mordant. It also helps to fix the mordant better 
on the fiber; but that is a point which can be postponed until I 
take up the whole question of fastness of dyes. 

Since we get a more transparent mordant by raising the 

* Boehringer and Soehne; Zeit. Parbenindustrie, 9, 237, 353 (1910). 

® Schwalbe: Zeit. Kolloidchetnie, 5, 129 {1909). 

® Liechti and vSuida: Jour Soc. Chem. Ind., 5, 526 (1886). 

^ Herzfeld: "Das Farben und Bleichen der Textilfasern/' 73 (1900); 
Knecht, Rawson and Loewenthal. “A Manual of Dyeing/' and Ed., 276 (1910). 

^ Zeit. angew. Chem., 24, 793 (1911). 

® Cf Owens: Jour. Phys. Chem., z8, 461 {1914). 
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temperature of the bath, the question arises whether it might 
not be better to raise the temperature still 'more if possible 
or to keep the bath longer at the boil. This might be de¬ 
sirable if transparency were the only thing to be considered. 
It so happens that another factor comes in. At high tempera¬ 
tures the alumina becomes denser, presumably losing water, 
and loses its mordanting powers.' This fact is recognized 
by practical dyers* “Goods which have been impregnated 
with the acetates and sulphate-acetates must not be dried at 
high temperatures, since these compounds are most readily 
dissociated on the fiber by heat, when acetic acid escapes 
and the base rcmUins on the fiber in a form which renders it 
less capable of combining with the coloring matter in the 
subsequent dye-bath; poor and irregular colors would thus 
result. This fact may be due to the generation of aluminum 
oxide instead of the hydroxide, as shown by either of the 
following equations: 

2 AKCH 3 C 0..)3 -I- .^HjO = AbOs -t- 6CH.,C()2H 
2Al(CH.,Ct)s)..()H + H.() = AbO., -|- 4CIbC(bH 

Another explanation is that a basic acetate or a less hydrated 
aluminum hydroxide is formed, neither of which forms color 
lakes. Mordants that have been spoiled by overheating are 
said to have been burned.” 

The general results of this paper are as follows: 

1. A mordant is a substance which is adsorbed strongly 
by the fiber and which adsorbs the dye strongly. 

2. There is no evidence that any definite compounds are 
formed when the metallic mordants are' taken up by wool, 
silk or cotton. 

3. The difference between the behavior of wool and of 
cotton is merely one of degree. 

4. Aluminum salts hydrolyze more or less completely 


' Cf. Crum: Jour. Chem. Soc., 6, 227 (1854). 

* Kiiecht, Rawson and Loewenthal: "A Manual of Dyeing.” 2nd Ed., 

235 {» 9 «o). 
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when dissolved in water, the change being more rapid at high 
temperatures. 

5. When aluminum salts hydrolyze, or when small amounts 
of sodium carbonate are added to the solution, colloidal 
alumina is one of the reaction products. 

6. With aluminum acetate the hydrolysis is so rapid 
that no considerable amount of normal acetate is formed 
when equivalent solutions of aluminum sulphate and lead 
acetate are mixed. 

7. Coagulated alumina causes so-called aluminum acetate 
to hydrolyze further and hydrous ferric oxide has a similar 
effect on ferric chloride. 

8. The fact that aluminum chloride will hold in solution 
more alumina than it can carry into solution is proof that we 
are not dealing with a definite basic salt. 

9. The solutions used by Liechti and Suida did not con¬ 
tain the basic salts that were supposed to be there. 

10. vSince Liechti and Suida did not approximate equilib¬ 
rium conditions in their mordanting experiments, the results 
are too uncertain to have any value. 

11. The metallic mordants are hydrous oxides and not 
basic salts. 

12. The rate of coagulation is more important than the 
degree of hydrolysis. 

13. Normal and so-called basic aluminum sulphates 
coagulate too readily to be satisfactory with wool. 

14. Addition of sodium sulphate increases the rapidity 
of coagulation from normal or basic aluminum sulphate solu¬ 
tions. 

15. Addition of sulphuric acid retards the coagulation of 
alumina; addition of organic acids is still more helpful. 

16. The upholders of the chemical theory of dyeing give 
diametrically opposed explanations for the action of organic 
acid. 

17. More transparent mordants are obtained from hot 
solutions than from cold solutions; but they have less mordant¬ 
ing power. 
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18. Alumina mordant may be taken as a typical basic 
mordant. What is true of this is true of the other mordants 
with slight and obvious changes. 

19. The differences in the mordanting of wool and of 
cotton are what would be expected from the lesser adsorbing 
power of cotton. 

Cornell Unmrsify 



THE RATE OF DISSOCIATION OF NITROGEN PER¬ 
OXIDE 

BY W. L. ARGO 

The relation between the pressure, temperature and den¬ 
sity of nitrogen peroxide is satisfactorily expressed by the 
statement that there is equilibrium between two gases with 
formulae Na04 and NO2.' Up to the present, no experiments 
have been made with the object of ascertaining whether any 
appreciable time is required for establishing equilibrium 
between these two gases, after an alteration of pressure. The 
purpose of the present paper is to determine whether in very 
rapid changes of pressure there is any evidence of “lag” in 
the reaction. 

In his experiments on the rates of reaction of gases, 
van’t Hoff‘S found that in many cases the walls of the vessel 
hastened the reaction. To eliminate this factor, and at the 
same time to obtain the necessary rapidity in the pressure 
changes, the oscillations of stationary sound waves have been 
made use of in this research. 

If the change of dissociation is very rapid there will be 
equilibrium between the nitrogen tetroxide and dioxide, ac¬ 
cording to the equation N^O^ ^ " 2NO.,, at every instant dur¬ 
ing the oscillations of the sound waves, and the local density 
of the gas at each moment will correspond to what would be 
found by ordinary density measurements for the local pressure 
and temperature. 

If, on the other hand, the rate of reaction is so small 
that no appreciable changes in dissociation occur, the density 
at every moment will be that calculated by the gas law pW — 
«RT, when n is constant. 

If the velocity of sound in nitrogen peroxide can be cal¬ 
culated with sufficient accuracy for each of these limiting as¬ 
sumptions, it will be possible, by measurement of sound velocity 

' Gibbs: Trans. Conn. Acad., 3, 240 (1878). 

’ Van’t Hoff-Cohen- Studien zur chemischen Dynamik, p. 45 (1896). 
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in the gas, to decide whether the rate of dissociation corre¬ 
sponds to either one of these limiting cases or has some inter¬ 
mediate value. 


Calculation of dp/dp 

Symhoh used: 

T == absolute temperature. 

p = pressure of nitrogen peroxide in mm mercury. 
p\ = pressure of air in mm mercury. 

V = volume in cc of 92.08 grams nitrogen peroxide at p. 
Vi = volume in cc of 28.97 grams air at p]. 
d = density of nitrogen peroxide compared with air, at T 

P = (density of nitrogen peroxide, in grams per cc). 


and p. 


Pi = ((density of air in grams per cc). 

Vi 

R = 62340. 

a = 92.08 2S,c)‘jd — 1 (“degree of dissociation”). 

c'v = sp. heat per formula weight, at constant volume, of NOo. 

<" = .sp. heat per formula weight, at constant volume, of N2O4. 
( I — a)cl + 2aCr 

(— 

1 

K\ == 1.405 (Ratio of specific heats at constant pressure and 
constant volume for air). 

K = dissociation constant of nitrogen peroxide, defined by 

4 a* 

V(. . - aj = 

h = heat given out, in cal., when N2()4 changes to 2N()2 at constant 
volume. 

X = wave length in cm of stationar}’ sound waves in nitrogen 
peroxide. 

Xi = wave lengths in cm of stationar>^ sound waves in air. 

= no. of vibrations per second of rod forming sound waves. 


Calculation of from wave lengths. From the formulae 
dp 

for the velocity of sound.^ 

dp _ ^ _ const. 

dp ' dpi \i^p^ 

dp _ / n 

dp \i^pKi ^ ^ 

This gives an experimental method for determining ^ 

dp 


Clausius: Mech. Warmetheorie. p. 52 (1876) 
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for nitrogen peroxide from measurements of wave length in it 
and in air, for the same note. 


dfi. 


dp 


Calculation of hypothetical —• The value of j may be 

dp dp 

calculated imder the two assumptions made above: 

Assumption A. —That the dissociation is so rapid that 

chemical equilibrium exists at every moment. 

Assumption B. —^That the dissociation is so slow that no 

chemical reaction takes place during the changes due to the 

sound waves. 

The values under Assumptions A and B will be indicated 

by(^) and (^) .respectively.’ These will be compared 
'op'A 'WV- 


^dp 


with the experimental value ( M given by equation (i). 

dp exp 

For a small adiabatic change of the nitrogen peroxide 


dV 

dT 


SV/ 
-|- 2ac'^dl' 


dV + ^ pdV 
T 42660 


j dT + (1 --a)<dl' 


(1 — 2 ac' 


Also 


42660^ 'dvA 


(i + a)RT = pV. 

From (2) and (3), and noting that ^ 

dp V dp 

dp _ 
dp 


(2) 


(3) 


.jT( 


ha \ 

afj, 


A., J.J '*’359 . 


(lv).( 


VdTA 


(i —a)c" — lac' 




linder Assumption A, since K = 


40 * 


dV> T 
(4) 


/do \ K(i 

Uv/t 4(2" 


V(i - a) 

o)* o*(i — o)p 
“ (2 — o)RT‘ 
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And since from van’t Hoff’s equation, 

/da \_ ha{i — 

' &T / , I . 985 T“( 2 — a) 

Equation (4) now becomes by substitution 


d/nK 
~dT~ 

ha(i — a) 


h 

i.985T^’ 




p 

P 


hM J i ho 

1.985!'+^' 4-«)(Ji.985 


haM / 
T" '■ 


(5) 


h^M 


aM + I 


+ fi • + 2ar'. 


i.98.sT- 

in which M = and a has the value calculated from 

2 — a 

ordinary density measurements. 

Under Assnniption B (^y) = o and = o, and equa¬ 

tion (4) becomes 
(dp) 

\Jp/ B 


R(i + 

_ 42660 

-~ (I — a)r — 2ac' 


Ct^ p 

Cl- + 1.985 P 


( 6 ) 


corresponding to Laplace’s formula for an ordinary gas. 

Data Used.—Por h the value --12900 cal., calculated by 
van’t Hoff,' has been used. The values of a were calculated 
from the density p, by equation (3); p and p were found di¬ 
rectly by E. and U. Natanson in their determinations of sound 
wave length. In my experiments the weight, volume and 
temperature were determined and the pressure was found by 
Gibbs’ equation 


login 


(3.178 —d)“P 
2{d - 1.589) 


9.47056 


3118.6 

T 


in which P is the pressure in atmospheres. 

The only data about which there is much uncertainty 
are the values of 4 and c’. From Berthelot and Ogier’s* 


‘ V'an’t HofT-Cohen: Studien zur chem. Dynamik, p. 158 (1896). 
2 Gibbs: Trans. Conn. Acad., 3, 239 (1878). 

^ Ann. Chim.'Phys., [5] 30, 382 (1883) 
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determinations of the total heat given out on cooling nitrogen 
peroxide through various intervals of temperature, and taking 
the heat of dissociation as —(13132 + zT) cal., Schreber* 
has calculated the values of c' and c' on the assumption that 
cl = 2cl. He gives the values 12.85 and 6.43. His calcula¬ 
tion, however, contains the erroneous assumption that the 
heat required to rmse the temperature of 92.08 grams of nitro¬ 
gen peroxide through 1° at constant volume (C,.) is equal to 
the corresponding value for constant pressure 14.85 cal., 
(C^), less 1.985 (instead of (i + a) 1.985). Moreover, 
Schreber’s number 14.85 was obtained by averaging the values 
found for various interv^als of temperature ranging from about 
290° - 28° to 150° - 28° on the wrong assumption that 
C/, is independent of the temperature. The specific heat 
at constant pressure for 92.08 grams must increase with in¬ 
creasing dissociation according to the equation = C,. -f 
1.985(1 -f a). Unfortunately the experimental data on which 
these values are based, are not sufficiently concordant to war¬ 
rant a strict recalculation. A rough estimate, however, was 
made as follows; 

By taking intervals of temperature B (about 25° each) 
from 290° to 28°, and calculating the values of oj (i — a)< l -f 
2ac'pj for the averages of the value of a at the upper and lower 
ends of each interval, and summing these values over intervals 
corresponding to Berthelot and Ogier’s experiments, a set of 
numbers is obtained whose average is 14.85 when c’p is taken 
as 13.4 and c'p as 7.7.- This gives cl = 11.4 and c' = 5.7. 

The value c', = 5.7 is low compared with those of 
other gases of similar formulae, as shown by the following 
table: 


* Zeit. phys. Chem., 24, 651 (1897), 

2 These values were found after a few approximations, is assumed 
equal to 2Cy. This assumption is justified to a certain extent by the fact that 
the relation between density of nitrogen peroxide and temperature is closely 
represented by an equation of Gibbs’ in which this assumption is implied. (See 
Trans. Conn. Acad., 3, 244 (1878).) 
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COo 

7 

35 

iW) 

7 

95 

U20 

6 

f>5 

vSO, 

7 

88 

HoS 

6 

27 

CvSo 

9 

93 

Average, 

7 

70 


If in these calculations the value 12900 cal., calculated by 
van’t Hoff from Deville and Troost’s measurements is used 
for the heat of dissociation instead of 13132 cal., calculated 
by vSehreber from Natanson’s experiments, the values for 
c" and would come out about 12 percent greater, say 12.8 
and 6.4. Van’t Hoff' mentions the value 16.86 for 92 grams 
of nitrogen peroxide “at high temperatures where decomposi¬ 
tion can be neglected,” but does not say how he obtained it. 
This would give 16.86 2 1985 6.45 for c[. Because 

of this agreement with van’t Hoff’s value, and the higher 
values for other gases, the values 

=128 and c'* = 6.4 

have been used in the calculations. Fortunately the effect 
of errors in the specific heats on the \’alues \ and (— ) 


are relatively small. (See p. 444.) 

Comparison of Calculated and Observed Values of 



The following table shows^ the calculated values of 

\ , and \ , and the values of ) obtained from 
V(//Va ^dp\ ^dp^,^,, 

four sets of the sound wave measurements of E. and U. 

Natanson:- 


/ 


/> 

mill 


d 

(mc*as' 

urt'd) 


X. 

nim 


mm \(ip) \ \dp)n \dp),\v 


; i 

21.72° C'230.59 2.486 42 CK) 23 64 3 659 i 3 275 , 3 558 

21.25 ,367.08 2.599'42 05. 23.08 3 833 1 3 452 j 3 733 

21.81 617 63 2.709 41.80 22 27 3 987 j 3.619 ; 3 953 

19.96 1640.76 2.762,41 98] 22 19 ; 4.092 I 3.718 1 4 042 


* Van’t HotT-Cohen: Stiidien zur chem, Dynamik, p. 158 (1896) 

* Wied Ann , 24, 454 (1H85}. 
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The experimental values agree very closely with 

vap/exp. 

those for the greatest deviation being 2.8 percent 

and the least 0.9 percent. On the other hand, the experi¬ 
mental values differ from by from 8.5 percent to 

'a<>'R 


7.5 percent. 


The Effect of Errors in Data 


The following table shows the percent effect on the values 
at the heads of the columns caused by a one percent increase 


in the data shown in the first column; 

1 1 



; 

1 \dp/A 

1 f^ 

\dp)h \( 

«p\ 

ipj ii\\> 

X, 

0 

0 

+ 2 

X 

0 

0 

~2 

a 

+ 1 04 to +0.96 

+ i. 15 to +1 17 

0 

Cx 

+0.013 to +0.010 

+0.15 to +0.17 

0 

—h 

+0 05 to +0.09 

0 

0 

Thus, 

to bring the values 

(^f ) down to the 

values 

(t) 

exp. 


there would have to 

be consistent errors of 

about 


\dp>^ 

-I-4 percent in X, or —4 percent in Xi (or -I-2 percent in X and 
-2 percent in Xi). Chance errors in the measmement of 
wave length are much less than this (see values, page 449), 
and it is quite improbable that methodical errors would 
have opposite signs in X and Xi. 

To bring the values up to the value (—] 

ydp/B ''dp-'exp. 

an error of about +7 percent would be necessary in d, or an 
error of about -f-50 percent in Errors of these'magnitudes 
are practically impossible in d, and very unlikely'*even in the 
case of the doubtful c^. 
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The results of the above comparison may be taken there¬ 
fore as conclusive evidence that Assumption B is not in ac¬ 
cordance with the facts. 

It may be noted in connection with this conclusion that 
it is clearly impracticable to use sound velocity as a means of 

measuring the ratio for nitrogen peroxide. 

Q- 

New Experiments 

Natanson’s determinations involved the use of a mercury 
manometer and stop-cocks. The stop-cock lubricant is readily 
attacked by the nitrogen peroxide, and as a result water 
vapor in slight traces may have reached the gas and catalysed 
the reaction. In order to check the above conclusion with 
a carefully dried gas and, at the same time, to investigate 
the effect of water vapor, added in known quantity, the follow¬ 
ing experiments were carried out. 

The apparatus finally designed had neither stop-cocks 
nor manometer. The stop-cocks were eliminated because 
it was found that even metaphosphoric acid used as lubricant 
allowed leaks. As the use of a manometer would require 
stop-cocks to protect the mercury from the pcro.xide, the 
pressure of the gas was calculated from measurements of its 
volume and weight by the use of the Gibbs’ equation (see 
page 441). 

The sound-producing apparatus was somewhat different 
from the Natanson type. The sounding tube AB, 120 cm 
long and i.o cm cross section, with a flattened bulb at each 



end, is clamped at its middle, C. It is sealed into the gas 
chamber DF at D, so that DB is 20 cm long. As this is equiva¬ 
lent to a second clamp at D the sounding tube is damped at 
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'/a and V« its length. The gas chamber in this way is theoret¬ 
ically stationary, whereas in the Natanson t3T)e it formed 
part of the vibrating system. The apparatus is thus less 
fragile and the dust heaps are less irregular than when they 
are formed on a vibrating surface. The adjustment of length 
of the gas column is made by means of an inner tube F, sup¬ 
ported by platinum loops sealed into its walls. It can be 
adjusted by tapping the end of the gas chamber. The loops 
fitted tightly enough to prevent the tube from sliding when the 
apparatus was held vertically. The powder for forming the 
dust heaps, precipitated silica, was placed in this inner tube. 

At G a glass rod GH was sealed into the flat end of the 
inner tube. Its length was such that when the tube was moved 
back sufficiently, a capillary tube, sealed in at J, was broken. 
This capillary contained about o.ooi gram of water. The 
bulb K, of about 6 cc capacity, in which the nitrogen peroxide 
was to be finally condensed by liquid air, opened into the nitro¬ 
gen peroxide reservoir L and the gas chamber through con¬ 
strictions E and M. The side tube N opened into a glass 
bulb P containing cocoanut charcoal which was in communica¬ 
tion with an air pump and a McLeod gauge. 

The nitrogen peroxide was prepared from pulverized 
lead nitrate dried for an hour at about 120° C. This was 
mixed with dry sand to prevent caking, and was decomposed 
in a combustion tube through which passed a strong current 
of dry oxygen. The nitrogen peroxide was condensed in the 
reservoir L, of about 15 cc capacity, containing phosphorus 
pentoxide. The reservoir was then sealed off until ready for 
use. The nitrogen peroxide remained in contact with the 
phosphorus pentoxide for one week before it was used in the 
experiment. 

The preparatory operations were as follows: The ap¬ 
paratus from D to K was enclosed in a heating oven. The 
nitrogen peroxide reservoir was immersed in liquid air, opened, 
and sealed to the apparatus at M. (The blowing was done 
through a phosphorus pentoxide tube to prevent access of 
moisture.) When the air-pump was started, the nitrogen 
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peroxide was heated to its melting point and then re-frozen 
slowly to prevent the lodging of air bubbles in the interstices 
of the frozen mass. The bulb was then kept immersed in 
liquid air. 

The apparatus from D to R was heated to 195° C to 
remove the adsorbed water from the powder and from the walls 
of the vessel. As previous experiments had shown that at 
this temperature the water in the capillary etched and cracked 
the glass the part RM was heated only to 150° C. The bulb P 
was also heated to 200° C. When, after about three hours, 
the system had been exhausted to a pressure of 0.02 mm, 
the gauge and pump were sealed off at S. The bulb P 
was then immersed in liquid air to produce as complete a 
vacuum as possible. After six hours the bulb was .sealed off 
at V and the reservoir T was removed from the liquid air. 
After allowing the apparatus to reach room temperature, 
about 20° C, and making certain that no nitrogen peroxide 
had condensed in the gas chamber, the reservoir L was sealed 
off at M. 

In the adjustment of the apparatus to form stationary 
sound waves, the sounding tube, clamped at I), was rubbed 
between C and D with ether-moistened cotton wool. The 
length of the gas column in the inner tube BG was then altered 
by gentle tapping until well-defined heaps were formed. 

After this 7)reliminary adjustment the gas cylinder was 
placed in a thermostat at 22” C. For easy removal of the 
apparatus this consisted of a water tank, kept at 22 ° C =*= 0.05, 
through which a cylinder about 8 cm in diameter ran longi¬ 
tudinally. When the apparatus had been supported by brass 
clips in this cylinder the openings were closed with loosely 
packed cotton wool. The temperature of the air-bath so 
formed reached that of the water tank about an hour after 
the apparatus had been inserted, and remained at 22° C ± 0.1 
throughout an experiment. 

To secure the necessary rigidity the clamp for damping 
the sounding tube at the point C was imbedded in a heavy 
concrete block. A layer of cork fastened to the glass with 
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adhesive tape and fish glue prevented the tube from slipping 
through the clamp. 

When the temperature of the air-bath had become 33 ° C 
the sounding tube was clamped at C and set into vibration 
as before. Then the apparatus was removed from the thermo¬ 
stat and the dust-heaps were measured to 0.5 mm. The 
readings were averaged by the method proposed by Kundt.' 
Repetitions of this procedure gave a series of readings as 
checks on the measurement. 

The wave length in air, Xi, was obtained at the same time 
by inserting the end A of the sounding tube into a glass tube 
about 3 cm diameter and 50 cm long, containing precipitated 
silica. The temperature of the air was determined by two 
thermometers at either end of the tube and the dust heaps 
were measured as in the gas cylinder. 

When a sufficient number of readings had been made, the 
capillary containing the water was broken. To insure dis¬ 
tribution of the moisture throughout the nitrogen peroxide 
the gas cylinder was heated and cooled several times and the 
inner tube BG moved backwards and forwards. The gas 
cylinder was then left in the thermostat for twenty-four hours. 
With the nitrogen peroxide now definitely known to contain 
water vapor another wave-length measurement was made. 

To determine the weight of nitrogen peroxide in the gas 
cylinder, the bulb K was immersed in liquid air until no color 
could be distinguished by looking longitudinally through RD. 
After the bulb was sealed off at E and dried, it was placed in 
a desiccator for half an hour and was then weighed. Both 
the bulb and a standardized solution of potassium permangan¬ 
ate were cooled in ice and then the top of the bulb was broken 
and held under the solution. In this way all the nitrogen per¬ 
oxide was absorbed by the potassium permanganate. (No 
odor of the gas was distinguishable above the solution.) The 
permanganate reduced by the nitrous acid was determined by 
titrating with freshly standardized ferrous sulphate solution. 


• Pogg. Ann., 127, 497 (1866). 
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The weight of nitrogen peroxide in the bulb was thus deter¬ 
mined. 

The weight was also determined directly by weighing 
the dried bulb and broken tip. A satisfactory check between 
the two methods served to establish the purity of the nitrogen 
peroxide. 

Finally the volume of the gas cylinder was determined 
by weighing it empty and filled with water. 

The complete results of the experiments are given below. 


Length of waves in nitrogen peroxide at 22 ® C Length of waves in air at 19 o ° C 


Expt. 

No. 

Dry or moist 

In ems 

Exp. 

No 

In cins 

K4 

Dry 

1 .440 

Ri 

2 659 

E9 

Drv 

I 440 

E3 

2 669 

liio 

Drv 

1436 



Ei2 

i Dr^’ 

> 455 


At erage, 2 664 

E13 

Dry 

r 442 



El 5 

Dry 

‘ 436 




i 

Average, 1.441 



E16 

i Moist 

I 442' 




Weight of Nitrogen Feroxulc in Bulb. 

(a) By titration: 

No. cc pot. permang. (0.2874A') = 202.75 cc. 

No. cc ferrous sulphate (().i686*V) = 137.60 cc. 

Net pot. permang. == 122.01 cc. 

Weight nit. peroxide = 1.6129 gni. 

(b) By direct weighing: 

Wt. of bulb + nit. peroxide + 0.0012 gm. water ~ 7.4318 gni. 
Wt. of opened bulb + pieces (empty) = 5.7976 gm. 

Wt. of water ~ 0.0012 gm. 

Wt. of nit. peroxide = i .6330 gm. 

The average value 1.623 grams was used in the calculation. 


‘ The sounding tube was accidentally broken while another “moist” 
measurement was in progre.ss. As the dust heaps in Ei6 were well defined it 
was thought unnecessary to make further experiments. 
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Volume of Gas Chamber. 

Wt. of tube + bulb empty = 480.5 gm. 

Wt. of tube -j- bulb full of water at 19.5° C = 1036.0 gm. 
Volume = 556.5 cc. 


The values 

\dp/A ^dp'B 



were 


culated as already explained. 


cal- 



/dp\ X 10* I /df,\ X 10* i rdp\ X 10* 

\dp) A I \dp) I \dp) exp. 


22.0° C 2.722 ! 679.9 4.002 ; 3.629 ; 3.873 

It is seen that the experimental value agrees with ) 

^dp^ A 

within 3 percent. This is probably within the limits of the 
experimental errors. On the other hand, it differs by more 

than 6 percent from the value . This is in accord 

Up^B 

with the results calculated from Natanson’s measurements. 
It can be concluded, therefore, that the rate of reaction even 
in the dry gas does not correspond to Assumption B. 

Summary of Conclusions 

1. The rate of reaction between nitrogen tetroxide and 
nitrogen dioxide is so great that there is no appreciable lag 
in the reaction during the rapid changes of pressure caused 
by stationary sound waves in nitrogen peroxide. 

2. Conclusion i holds both for nitrogen peroxide dried over 
phosphorus pentoxide and for the gas containing 0.32 volume 
percent of water vapor. 

3. It is impracticable to use measurements of sound ve¬ 
locity for determining for nitrogen peroxide. 

This research .was carried out at the suggestion and under 
the direction of Dr. F. B. Kenrick. The experimental work 
was completed at the University of California. 

University of Toronto 
University of California 
January, IQT4 
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Physikalische Chemie der homogen und heterogenen Gasreaktionen. 

By Karl Jellinek. iH X 24 cm; pp. v -f 844. Leipzig: S. Hirzel, IQJ3. Price: 
32.30 marks. —The main subdivisions are* statics of gas reactions; kinetics of 
gas reactions; electrochemistry of gas reactions; photochemistry of gas reactions. 
Under static.s, or thermodynamics, of gas reactions the theoretical portion in¬ 
cludes chapters on. the two laws of thermodynamics; statics of gas reactions 
treated by means of reversible cycles; statics of gas reactions treated by means 
of entropy and the deduced functions of free energy and thermodynamic i>otential; 
theory of heat radiation; relation between the quantum theory of heat radiation, 
the specific heats, the heats of reaction, and the Nernst heat theorem. The 
experimental part of the same subdivision includes; experimental data on heat 
radiation; determination of molecular oscillations by means of radiation, measure¬ 
ments of temt>erature, measurements of s|K,*cific heats and heats of reaction; 
determination of gas equilibria This first division is nearly ninety percent of 
the whole book, kinetics of gas reactions receiving thirty-five pages, electro¬ 
chemistry of gas reactions forty-six pages and photochemistry of gas reactions 
twenty “two pages. 

The author’s general attitude is perhaps best shown by the fact that he 
calls Nernst's heat theorem the third law of thermodynamics. No reference 
is made to Johnston’s criticism and the casual reader—assuming that such a 
man would read this book would get the impression that everything was plain 
sailing and that there w'as no juggling with data In spite of the hero worship, 
the author has written a very good book He has given perhaps the clearest 
statement of Nernst’s theorem, he has given an admirable sketch of the quantum 
theory in so far as it l>ears on the subject in hand, and everybody will be grateful 
to him for the data and literature references on gas equilibria. 

I'or personal reasons the reviewer w^as interested in the following jiaragraph, 
P' .563* “We can divide substances into continuous radiators (highly heated 
solids and liquids, as well as gases which are not too dilute, all three acting as 
temperature radiators) and selective radiators, such as electrically excited 
dilute gases or vapors in Geissler tubes or arcs, chemically excited dilute gases in 
flames (luminescence), or heated dilute gases (thennal radiation) W’e picture 
a selective radiator (a dilute, luminescent gas) as a large mass of molecules 111 
each of which there are one or more localized oscillators (vibrating electrons or 
ions) having one or more oscillation numbers The vibrating electrons or ions 
can be excited only to vibrations of a definite period by collision with other 
electrons, ions, or molecules; and c'onsequently emit electromagnetic waves of 
definite length discontinuously.” Wilder />. Bancroit 

Die Atome. By Jean Perrin. Translated by A. Lottermoser 16 X 22 
cm; pp. t» 4 * iTpd. Leipzig: Theodor Steinkopff, IQ14. Price: 5 marks —The 
French edition has already been reviewed (17, 563). We now have a (Tcrman 
translation in a more convenient size. A quotation from the conclusions may 
not be amiss. After showing that the value, A, for the number of molecules 
in a gram molecular weight—the Avogadro number—falls between 60 X 10“-* 
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and 75 X lo-*®, when determined in thirteen different ways, the author goes on 
to say, p. 189: '‘We are filled with amazement at the close agreement among 
the numbers deduced from a study of such different phenomena. The probability 
of the actual existence of molecules becomes almost a certainty in view of the fact 
that the same method yields the same value no matter how the conditions of 
the experiment are varied, and in view of the fact that there is so little variation 
among the values obtained by so many methods. In spite of our firm belief 
in the existence of molecules, we must nevertheless be prepared to obtain an ex¬ 
pression for the visible existence without having recourse to invisible elements. 
This can be done without trouble. We may eliminate N from the thirteen equa¬ 
tions, which otherwise contain only directly measurable values, and obtain 
fundamental relations between basic phenomena which have hitherto seemed 
absolutely independent: the viscosity of gases, the Brownian movements, the blue 
of the sky, the radiation of the black body, and radioactivity. 

“If we eliminate the Avogadro number from the equation for the radiation 
of a black body and from the equation for diffusion as due to the Brownian 
movements, for instance, we get a relation at once which enables us to predict 
the rate of diffusion in water at ordinary temperature of a sphere 0.001 mm in 
diameter if we have measured the intensity of yellow light emitted by a furnace 
filled with molten iron. It is thus possible for a phy.sicist who has studied the 
iron furnace to detect an error in the microscopical determinations of another 
man who was studying emulsions This is possible without making any mention 
of molecules. 

“We are not going to carry a mania for rigorous treatment so far as to make 
us avoid the use of molecular values in the mathematical expression of laws 
which we deduced by means of them. That would not he like removing the sup- 
I)orting stake when the plant had outgrown the need of it; but would be like 
cutting off the roots which nourish the plant and cau.se it to grow.*' 

Wilder D. Banvrojt 

Qualitative Analyse vom Standpunkt der lonenlehre. By Wilhelm 
Bottfffr. Third edition. 17 X 24 cm; pp vii -f 565. Leipzig: Wilhelm Engel- 
mann, /pjj Price: 11.20 marks, paper; 12 50 marks, bound .—The second edition 
was reviewed five years ago (13, 177). The new edition differs from the previous 
one chiefly in that a section on microcheraical methods has been added and that 
the portions dealing with reduction and oxidation have been rewritten. In the 
preface the author answers the criticism that the book is not suitable for an in¬ 
troductory cour.se in qualitative analysis. He contends that it is better for 
the beginner to learn to find what he needs in a book which will also be helpful 
to him later rather than to use a little manual which contains just what he 
wants at the time but which will be worthless ever after. By this adroit move 
the author has certainly carried the war into Africa; but it is something of a 
question whether he can hold the ground which he has gained. 

The rewritten chapter on oxidation and reduction shows how difficult it is 
to formulate anything rigorou.sly even when one knows exactly how to deal with 
each special case. The author starts off, as everybody does, with the statement 
that reduction consists in the taking up of hydrogen or the loss of oxygen, oxida¬ 
tion l>eing just the reverse of this. This goes to pieces in the reduction of mer- 
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curie chloride by copper or by stannous chloride, reactions not involving cither 
hydrogen or oxygen. Ostwald tried to get round the difficulty by saying that 
we have reduction when we have a decrease in the number or valence of some 
cation and oxidation when there is an increase in the number or valence of some 
anion; but that would not meet a case of the type 

H2SO3 + HCIO = H2SO4 -h HCl. 

To meet this the author defines reduction as a decrease in the positive valence 
an increase in the negative valence This is perfectly correct provided one 
knows that the author means the valence of some clement and not the valence 
of the ion. We have a precisely similar case in the Theorem of Le Chateller 
which nolKidy has ever formulated rigorously, and yet which anybody will 
understand. It seems to the reviewer that it might often be well to dispense 
with definitions and to rely entirely on the illustrations, which one has to give 
anyway. Wilder D. Bancroft 

Les propri 4 t 4 s optiques des solutions. By C Chenevenu. ly X 26 cm; 

pp. I' -^240. Paris: Gaufkier-Villars, jqjj Price: 10 from s —This book is 
really a new and enlarged edition of the author’s doctor thesis. The subject 
is treated under the following headings* the theoretical laws of the refraction of 
solutions and of dissolved substances, the theoretical laws of the dis^KTsion of 
solutions and of dissolved substances; deductions from the experimental study 
of a(|ueous solutions of inorganic substances, study of the refraction of solu¬ 
tions not entirely aqueous; experimental study of the dispersion of solutions of 
inorganic substances, experimental study of the refraction and dispersion of 
dissolved organic compounds, methods, apparatus and data It is an ambitious 
programme, but there are practically no general results The hook is essentially 
a study of experimental facts At the end of the book the author gives ten pages 
of literature references, for which everybody interested in this line of work will 
be grateful to him. Wilder P. Baniroft 

Zur Krise der LichtMther-Hypothese. By P. Ehrenfest. 14 X 22 cm: 

pp. 22. Berlin: Julius Springer, jqij Priu: 0 marks —This is an address 
deliv^ered by the author when inaugurated as professor at the University of Leyden 
Xew^ton’s emission theory of light was succeeded by the ether theory. Fresnel 
postulated a vStationary ether and Stokes an ether which moved with moving 
substance.s. The development of Fresnel’s views by Loreiitz showed tliat the 
aberration of light from the stars, the velocity of light in running water, and the 
magnetic action of a rapidly rotating electrified body could be accounted for 
quantitatively on the basis of Fresnel’s theor>\ On the other hand, the Michel 
soii-Morley experiment seemed to favor Stokes’ view This difficulty was over¬ 
come when Lorentz showed in 1904 that the Michelson-Morley experiment gav’c 
a negative result, not because the result was really negative; but because the 
changes in the measuring instruments were equal to the result to be measured. 
While the Fresnel-Ixirentz theory of a stationary ether seems to have triumphed 
over the theory of a moving ether, it has now' to contend with the two different 
theories of Ritz and of Einstein, each of these theories postulating that there is 
no ether at all. The reviewer is not competent to say whether the author has 
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or has not been strictly impartial in his presentation; but the address is certainly 
a model one from the point of Adew of the audience. Wilder D, Bancroft 

The Textile Fibers. By J, Merritt Matthews, Third eMtion. 23 X /5 rm; 
pp. Hi 4 “ 630. New York: John Wiley & Sons, IQJ3. Price, $4.00 net. —The 
subject is treated under the headings- classification of the textile fibers; wool 
and hair fibers; the chemical nature and properties of wool and hair fibers; 
shoddy and wool substitutes; minor hair fibers; origin and cultivation of silk; 
physical properties of silk; chemical nature and properties of silk; the vegetable 
fibers; cotton; the physical structure and properties of cotton; chemical projHjr- 
ties of cotton cellulose; mercerized cotton; the minor seed-hairs; artificial silks; 
linen; jute, ramie, hemp, and minor vegetable fibers; analysis of the textile 
fibers; analysis of textile fabrics and yarns; bibliography of the textile fibers. 

In the preface the author says: ‘"Unfortunately, the subject of the textile 
fibres has been lamentably neglected by chemists, although there is abundant 
indication that a fertile field of research is open to chemists in this direction, 
and such work would have not only a scientific value, but would also be of great 
industrial worth. There is, as yet, relatively little known concerning the chem¬ 
ical constituents of the fibres, and the manner in which the varying chemical 
conditions of bleaching and dyeing and other chemical treatments affect the 
composition and properties of these constituents. The action of various chem¬ 
ical agents on the fibre as an individual has been very imperfectly studied. More 
work has been done in the microscopical field concerning the properties of the 
fibres, but even here the knowledge is very incomplete and disjointed, and 
especial attention is drawn to the fact that there is yet a large amount of work 
to be done in the microchemistry of the subject. 

“The author has endeavored to emphasize throughout this volume the 
importance of the study of the fibre as an individual, for in many cases it is 
misleading to assume that the behavior of the individual fibre is identical with 
that of a large mass of fibres in the form of yarn or cloth. In the latter case, 
the difference in physical condition and the action of mechanical forces have an 
important influence. By going back to the study of the individual fibre as a 
basis, many explanations can be given M^hich could not otherwi.se be discovered.“ 

The author covers quite a range of topics. On p. 69 he points out that if 
fabrics of chlorinated and untreated wool be rubbed together, a considerable 
electric charge will be formed. This property of chlorinated w'ool formed the 
basis of a patented *'electric“ belt. With this possibility before one it is rather 
distressing to learn, from the next sentence, that garments of chlorinated wool 
do not wear well and are deteriorated rapidly by laundering. On p. 126 we 
read that “another property of silk, and one which is peculiar to this fibre, is 
what is termed its .scroop; this refers to the crackling sound emitted when the 
fibre is squeezed or pressed. To this property is due the well-known rustle of 
silken fabrics. The scroop of silk does not appear to be an inherent property of 
the fibre itself, but is acquired when the silk is worked in a bath of dilute acid 
(acetic or tartaric) and dried without washing. A sati.sfactory explanation 
to account for the scroop has not yet been given; it is probably due to the acid 
hardening the surface of the fibre. Mercerized cotton can also be given a some¬ 
what similar .scroop by such a treatment with dilute acetic acid. Wool, under 
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certain conditions of treatment, can also be given this silk-like scroop in some 
degree, as, for instance, when it is treated with chloride of lime solution or with 
strong caustic alkalies.’' 

Under mercerization, p 328, we read that '^Boucart gives the following 
reasons why only long-stapled cotton, and that only in particular counts, gives 
good results on mercerization. A simple thread consists of a sort of twisted 
wick composed of nearly parallel fibres The twist depends, as regards the an¬ 
gles it makes with the length of the thread, both upon the kind of cotton and 
upon the count of the yarn. Of the two sorts of simple yarns, warp-yarns have 
more cohesion i mong their elements than tensile strength, while the reverse is 
the case with the weft-yarns The result is that under gradually increasing 
tension weft-fibres slide past one another without breaking, but warp-fibres 
break before any such occurrence takes place The degree of twist also depends 
on the mean staple, and the angle between the thread and the axis at any point 
is proportional to the length of the thread The degree of twist which is re 
quired to make the cohesion exceed the tensile strength depends naturally on 
the strength of the fibre Hence the greater the angle the thread makes with 
that axis, the less is the efTect of the tension, and if any portion of the fibre is at 
right angles to the axis it is not affected by the tension at all Hence a simple 
warp-thread can only receive a medium amount of gloss from mercerization. 
this is less as the twist is greater vSlightly twisted threads should give the best 
lustre, but if the cohesion of the fibres is less than the contractile force exerted 
by the merceri/ing, the fibres slip past each other and no lustre is jiroduced. 
But if the weft-threads are fixed, as in piece goods, they take a better lustre 
than the warp, although the latter is usually made of better cotton Short- 
stapled cotton acquires a less degree of lustre because it must be more tightly 
twisted The !>est lustre of all is obtained wdth two-fold twist, in wdiich the 
outer fibres lie parallel to the axis, and the yarn should be well singed to remove 
projecting fibres 

‘'The quality of being mercerized is not an inherent property of any special 
variety of cotton, as was formerly supposed to lie the case; any Nariety of cotton 
is capable of mercerization, the essential being that the fibre shall be maintained 
ill a state of tension In order that this condition be realize<l with short-stapled 
fibres, the yarn ofH*rated upon must lx‘ tightly twisted in order to present suffi¬ 
cient cohesion among tJie individual fibres to allow of the high tension required; 
this, on the other hand, prevents an even and thorough penetration of the caus¬ 
tic alkali into the substance of the fibre, so that, on the whole, the results ob¬ 
tained with short-stapled fibres are not at all comparable with those of the long- 
stapled varieties ” 

While the preceding paragraphs are clear and to the point, the following 
one, p. 275, seems to mean nothing at all. “Regarded from the point of view 
of the ionic theory, cellulose is considered as a molecular aggregate consisting of 
a mixture of ions of varying dimensions. Hence, cellulose as a typical colloid 
has no definite reactive unit as a body which lakes the crystalline form, nor 
a fixed molecular constitution which may be represented in the limits of 
a constitutional formula; for the cellulose molecule cannot be regarded as a 
static unit, but rather as a dynamic equilibrium; its reacting unit at any time 
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being a function of the conditions surrounding it. This view of the constitution 
of cellulose has been advanced by C. F. Cross.*’ 

It is a pleasure to pass from this bit of esoteric fluency to a more character¬ 
istic passage, p. 405. ''The chief chemical difference between jute and the pure 
cellulose fibres is in the ability of the former to combine directly with basic dye¬ 
stuffs. In fact it acts in this respect similar to cotton which has been mordanted 
with tannic acid. Jute is also more sensitive to the action of chemicals in general 
than cotton or linen. On this account it cannot be bleached with much suc¬ 
cess, as treatment with alkalies and bleaching ix>wder weakens and disintegrates 
the fibre to a considerable extent. The jute fibre is relatively weak when com¬ 
pared with other bast fibres, and the chief reasons for its prominence among the 
textile fibres are its fineness, silk-like lustre, and adaptability for spinning. The 
plant is also easy to cultivate and returns a large yield of fibre. The chief de¬ 
fect of jute is its lack of durability; when exposed to dampness it rapidly deterior¬ 
ates; and even under ordinary conditions of wear, the fibre gradually becomes 
brittle and loses much of its strength. The bleached fibre is especially liable to 
such deterioration; it gradually loses its whiteness, and, evidently due to oxida¬ 
tion, becomes stringy and yellowish brown in color.'’ "It must be borne in 
mind that the jute fibre is a ligno-cdlulose composed of cellulose units about 
1/8 inch in length cemented together by lignone components. In bleaching 
proces.ses where a full white is obtained, these lignone substances are removed 
and this leads to the structural disintegration of the fibre." 

There is a ])aragraph on the adsorption theory of dyeing, p. 304; but the 
author belongs to the school which yearns for compounds in dyeing and in mer- 
cerization. Barring this shortcoming, the book is an interesting and valuable 
one. Wilder D. Bancroft 

The Electric Furnace. By Alfred Stansfield, Second edition. 17 X 
cm; pp. vii -j- 41.$. New York: McGraw-Hill Book Company, IQ14. Price, 
$4.00 net .—The first edition appeared in 1907 and contained 211 pages. The 
second edition has been so enlarged and rewritten as to be practically another 
book, though the admirable arrangement of the first edition is retained. 

The chapter in the first edition on production of iron and steel in the electric 
furnace has expanded to three: one on production of pig iron, one on production 
of steel from metallic ingredients, and one on direct production of steel from iron 
ore. That on "other uses of the electric furhace" is now divided into five: 
ferro-alloys and silicon, graphite and carbides, electric smelting of zinc and 
other metals, electrolysis and electrolytic processes, and miscellaneous uses. A 
chapter on laboratory furnaces and one on operation of furnaces have been added. 

The book aims at completeness, and comes pretty near the mark. Yet 
there are omissions. We might fairly expect to find mention of the Hoskins and 
the Helberger furnaces, and the treatment of laboratory furnaces might well 
have been more full. Snyder’s designs for zinc furnaces get several pages, while 
his direct arc furnace in use for melting steel is not mentioned. In a good many 
other cases furnaces that never got beyond the paper stage get a good deal of 
attention, and it is hard to tell from the text whether a process or furnace is a 
commercial success or not. One would gather that Acker cells, Pauling nitro- 
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gen furnaces and furnaces for the production of siloxicon itself and not merely 
as a by-product of carborundum, are in operation at present. 

It is worth while to include in such a book furnaces that did not survive, 
and even schemes that were never tried, for historical and theoretical complete¬ 
ness, or because of the promise of future development. Yet it ought to be 
made clear when a furnace is mentioned for one of these reasons. 

Promise of future development is doubtless the reason for the space given 
to zinc furnaces and to production of steel direct from ore, but it would seem that 
electric furnaces for heat treatment of steel, for brass melting and for melting 
glass also deserve mention on that score. 

The description of mechanical details of furnace construction is useful. 
Sometimes one might wish for more information on a furnace or a process, but 
in most cases this is not the author’s fault He would douV^tless have been glad 
to give us a full description of the aluminum furnaces at Niagara, but that would 
require powers of divination. 

Carborundum fire-sand is said (pp. 65, 297) to be amorphous silicon car¬ 
bide, and not identical with siloxicon. This is quite certainly incorrect. 

Thermochemical data from J. W. Richards and electrode data from Carl 
Hering are given in quantity. 

The book is primarily a text-book for college students, and is written as a 
professor would naturally write. It is quite a contrast to the essentially com¬ 
mercial atmosphere of the other recent electric-furnace book—von Baur's trans¬ 
lation of Rodenhauser and Schoenawa’s “Electric Furnaces in the Iron and 
Steel Industry.” Yet those commercially interested in electric furnaces will 
find much in it worth their while. 

The first edition was far and away the best book in its line when published 
Much more has been written on the electric furnace since then, so that the sec¬ 
ond edition does not .stand out as pretimiiiently a.s did the first, but is still a worthy 
successor to it. H. W. Gilleit 

The Application of Physico-chemical Theory to Technical Processes and 

Manufacturing Methods. By R, Kremann. Translated by Harold E. Poil.s 
1$ X 22 cm; pp. \T ")“ 2J2. Xeiv York: D Van Nostrand Co., IQ13. Price, 
$3.00. —In the preface the author says. “Physical Chemistry used to be con¬ 
sidered a somewhat theoretical branch of study, but it has recently developed in 
such a way as to explain many of the empirical observations of technology and 
to prove extremely suggestive of many new methods. vSuch a tendency may be 
considered one of the highest aims of scientific research. The young chemist 
frequently feels that in his first few terms and I have found that of all the problems 
of physical chemistry the beginner shows most interest in those which have some 
bearing on technical questions.” 

The subject is treated under the headings, the two fundamental laws of 
the mechanical theory of heat; reaction velocity and calalytcs; other special 
applications of the law of mass action—the influence of temperature on the equi¬ 
librium constant; dissociation ]>ressure—the phase rule; the application of the 
phase rule to solid-liquid systems; transformation phenomena in hydraulic 
binding agents; other applications of the phase rule—the distribution law’—ad¬ 
sorption compound.s—reciprocal pairs of salts. 
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Among the special topics taken up are: the Deacon process; the contact 
process for sulphuric acid; the chamber process for sulphuric acid; the manu¬ 
facture of nitric acid, of ether, and of soap; the caustihcation of sodium carbonate; 
lime burning; Nordhatisen sulphuric acid; roasting lead; the reactions in the blast 
furnace; the Pattinson process; the formation of iron and steel; the production 
of nickel matte; the drying of linseed oil; the conversion of oleic acid into stearic 
acid; vitrification and devitrification; plaster of Paris; the setting and hardening 
of Portland cement: the weathering of clay; the theory of dyeing; the vulcaniza¬ 
tion of rubber; the Parkes process; the ammonia-soda process; the formation 
of saltpetre from Chili saltpetre and potash, the ideal efficiency of the steam 
engine; the gas engine; producer gas; water gas. 

The author has covered a great deal of ground and has covered it well in 
most cases. There is some confusion on p. 30 in regard to reduction with car¬ 
bon, and the author has treated iron and carlnm, p. 145, on the erroneous assump¬ 
tion that cementite is never a stable phase; but these are excusable errors. As a 
typical case of good work, T quote from the admirable discussion, p. 74, of devit¬ 
rification. 

'‘Let us now consider the relation between spontaneous crystallization 
power, the velocity of crystallization, and the viscosity. The viscosity of the 
liquid increases with the supercooling and frequently in a small range of tempera¬ 
ture passes through all values from those of a syrupy liquid to those of a solid 
mass which is not deformed by the action of small forces. When the tempera¬ 
ture is further lowered the mass becomes hard and brittle; this solidification oc¬ 
curs about 90® below the melting point . After rapidly cooling past the 
temperature range in which numerous crystallization centres are formed, the 
viscosity is very high. No crystallization centres are then formed in the brittle 
vitreous mass If these have formed during the sui>ercooling they will still not 
grow in this temperature range, owing to the extraordinarily slow velocity of 
crystallization. Thus within this temperature range the substance is highly 
stable. If the viscogijt9r is very high even at the melting point, as is the case 
in many silicates hi alumina, the maximum values of the spontaneous crys¬ 
tallization power end the crystallization velocity are small. The shape of the 
viscosity curve and its relative position to the spontaneous crystallization power 
curve determines whether a substance can be drawn out into thin threads or 
blown into vmsels in the same way as glass. For a substance to be worked like 
gla.ss it is a n&cssary condition that the number of crystallization centres must 
be very small in the temperature range in which the viscosity possesses the value 
best suited for working the viscous liquid. It is also important that the viscosity 
curve should not rise too steeply since otherwise the temperature range, in which 
the liquid has the most suitable viscosity, is too small, which naturally renders 
working very difficult. For many purposes it is important to be able to control 
the number of cry.stallization centres forming in a supercooled melt. If this can 
be done we can obtain any substance as a crystal conglomerate or in the amor¬ 
phous state, as may be desired. Explosive antimony is the only one of the metals 
which has been obtained in this state. A magnetic or electric field or radium 
radiation has no influence here, but a great effect is produced by substances dis¬ 
solved in the melt. Some of these added substances depress the number of 
crystallization centres to zero even in the temperature range of the maximum. 



New Books 


459 


Others highly increase the number without changing the temperature of the max¬ 
imum. Finally some exert practically no action in small quantities Indiffer¬ 
ent, i t , insoluble, substances may exert no action or an increUvSing or diminish¬ 
ing action; platinum nearly always increases the action ” 

Wilder D Bancroft 

Quantitative Analysis by Electrolysis. By Alexander Classen Translated 
from the fifth German cd'ition by William T. Hall. X lO cm; pp. v -f 308 
New York: John Wiley &’ Sons, IQ13 Price: $2 50 net —In the preface the 
author says, “Successive editions contained the innovations and improvements 
that were made in the years 1882 to 1897 until, in the fourth edition, a section 
was introduced which contained theoretical considerations based upon the then 
new theory of solutions During the last decade, however, the development 
of electrochemical methods not only on the practical side but also as a result 
of the development of physical chemistry, especially electrochemistry, has placed 
electro-analysis upon a scientific foundation The advances in both practical 
and theoretical directions have been so marked that it has been necessary to re¬ 
vise the book thoroughly, and the present edition may be regarded as practically 
a new hook ” 

There are a great many statements in the introductory chapter which 
might better have been worded differently The author says, p 5, that w^hen a 
sodium chloride solution is electrolyzed, “sodium ions are changed into the ele¬ 
ment sodium, which in accordance with its chemical nature, decomposes water 
and sets free hydrogen “ That conception was overthrown by LeBlanc twenty 
years ago. On p 21 is a statement that “as both electromotive force and poten¬ 
tial are measured in volts, and both have the same numerical value, the three 
terms iiotential, electromotive force and voltage are used synonymously.” That 
is a painfully sloppy way of doing things and the translator might at least have 
used the right terms We should then have bi*en spared the statement, p 31, 
that ‘the resistance of the voltmeter is so great that nearly all of the current 
continues to pass through the cell with a practically unchanged electromotive 
force,” In spite of the fact that 92 pages are tlevoted to the theoretical intro¬ 
duction, it is evident, p. 191, that the author is not clear at all as to the theory 
of the electrolytic separation of two metals. He has mastered the theory of con¬ 
stant voltage separations, but the theory of constant current separations is over¬ 
looked entirely. Perhaps it is on this account that the author says, p 57. that 
“much remains to be explained in the theory of rapid electrolysis,” On p. 
131 there is no justification for the statement that the “deixisition of antimony 
upon the cathode is really the result of a secondary reaction, which is the action 
of the discharged sodium ions upon the sodium thioantimoniate.” It is true 
that the author qualifies this statement by the words “according to Ost and 
Klapproth;” but, practically, Clasvseii adopts it. 

The subject matter of the book is good, of course, and the book is a valuable 
one. The presentation is not so good because of Classen's too obvious de.sire to 
make people believe that most of the important improvements have originated 
with him. As a typical instance, take what is said, p. 97, about the introduction 
of rapid electrolytic methods. In a sense it is all true; but it conveys an abso¬ 
lutely false impression of the facts. On p, 57 it is stated that “after the experi- 
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m&ats performed in the author's laboratory and elsewhere had removed all 
doubt concerning the value of the new method of working, the authorities at 
Aachen consented to provide means for fitting up the first large laboratory 
with the necessary apparatus for carrying out rapid eleqtrcdysis/' A statement 
of this sm't is quite inexcusable because the author must have heard of the Penn¬ 
sylvania laboratory. When a man has done as mudi good work as Classen 
has done, it is a pity that he should reach out for laurels which do not belong to 
him, Wiider D, Bancroft 

Lehrbuch der Thermodsmamik. By J. D. van der Wools and P. Kohnskmm . 
Vd. II, If X ^3 cm; pp, 64s• Leipzig: Johann Ambrosius Barth,, 1^12, Price: 
24 marks, —The volume deals with heterogeneous equilibria for the most part 
and consequently the first chapter is devoted to the phase rule. It is delightful 
to note the calm way in which van der Waals straightens out the squabbles about 
the phase rule which have come up so unnecessarily in recent years. The most 
striking characteristic of the book is«its calm sanity. On p. 97 the authors 
say that **one is in no wise justified in assuming that the state of a dissolved sub¬ 
stance is at all like an ideal gas It is clear that when we compress a solu¬ 
tion, the pressure which resists the compresssion is not due merely to the mole¬ 
cules of the solute but also to those of the solvent; in fact, chiefly to them be¬ 
cause they are present in much greater numbers. One is also not justified in 
attributing the osmotic pressure to the molecules of the solute. In the case of 
equilibrium with a membrane the pressure upon the membrane and on the walls 
of thfe cell is due chiefly to the molecules of the solvent. This point of view elim¬ 
inates the much-discussed question why a thin beaker does not burst when con¬ 
taining a solution which may exert an osmotic pressure of many atmospheres 
The solution actually exerts a pressure of one atmosphere on the glass wall. 
That its osmotic pressure is fifty atmospheres, for instance, merely means that 
one must exert this pressure on it to keep it in equilibrium with a semipermeable 
membrane, on the other side of which b pme solvent at atmospheric pressure " 

When discussing the Soret phenomenon, p. 102, the authors point out that 
a stationary state is reached but not a state of equilibritun; consequently the 
thermodynamic potential is not necessarily the same in the two portions of the 
tube. The reviewer regrets that they did not go one step farther and at least 
indicate the criteria for the stationary state when one takes into account the 
practical imcompressibility of liquids. 

In the last part of the book, the authors discuss systems in which the effect 
of external forces and of chemical forces are not ignored. They do not discuss 
capillarity but they take up the effect of gravity and of electromotive force; 
they also con|ider the case of electrolytic dissociation. 


Wilder D, Bancroft 



EXPERIMENTS ON WHITE LEAD 


BY R. SltTART OWBNS 

This work was undertaken to determine, if possible, in 
what way and to what extent the character of precipitated 
white lead varied with the conditions of precipitation. The 
Dutch process for making white lead seems still to be the 
standard one although it is slow and consequently ties up a 
large amount of capital. Holley* cites the Carter process, the 
Rowley process, and the Matheson process as rapid processes 
which are on a commercial basis. No electrolytic process 
seems to be a commercial success as yet, though the rapidity 
and control of corrosion is a strong argument in favor of an 
electrolytic process. The difficulty is that the electrolytic white 
lead is probably coarser in grain and consequently lacks cover¬ 
ing power. It also requires a large amount of oil. This latter 
difficulty is said to be overcome by a process patented in 1907, 
by Mr. E. A. Sperry, the substance of which is as follows; 

“For the electrolytic production of a lead pigment a 
previous electrolytic treatment of the lead is stated to be 
highly advant^eous, whereby the lead is used as anode and 
deposited on the cathode, the cathode product being then 
used for making the pigment. For example, white lead pro¬ 
duced electrolytically absorbs as high as 20 drops of oil per 
gram to bring it to a standard paste, whereas, by using the 
cathode product of the first electrolysis as anode in the sec¬ 
ond, the particles may be rendered harder, thus forming 
crystals which work smoother imder the brush, as well as 
possessing other qualities which make it more desirable. Prob- 
sbly the most distinguishing feature is that the white lead 
so formed is said to bring down the oil absorption to between 
3 or 4 drops per gram, a reduction of something over 75 per¬ 
cent in the mnount of oil required.” 


'The Lead and Zinc Pigments,” 74. 85# loi (1909). 
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It is difficult to see how the precipitation of an electro- 
lytically formed lead salt can depend on the phy^cal charac¬ 
teristics of the lead anode, though the efficiency of ccarosion 
might be affected. Unless the first electrolyas caused a. re¬ 
fining of the lead, it is extremely improbable that the results 
are due to the alleged cause. 

White lead is known to be a definite compound,* 
(PbCOs)sPbO*H*, 

and the commercial white leads do not vary much from this 
composition. Experiments were therefore made on the pre¬ 
cipitation of lead carbonate, lead hydroxide, and basic lead 
carbonate, from solutions of varying concentrations and at 
varying temperatures. Solutions of sodium hydroxide, so¬ 
dium carbonate, and lead acetate were made up of concentra¬ 
tions varying from normal to sixty-fourth normal—the word 
normal being used in the sense of equivalent concentration 
and not of molecular concentration. For this work a normal 
solution of sodium carbonate or caustic soda contains twenty- 
three grams of sodium to the liter and a normal solution of 
lead acetate contains 103.5 grams of lead to the liter. Strictly 
speaking, only the normal solutions were made up accurately, 
the others being prepared by adding 500 cc. water to 500 cc 
of the preceding solution. The error due to contraction or 
expansion is presumably negligible for work of this type and 
has been so considered. 

It seemed desirable to find out what variations in crystal 
size might be expected. Since moderately high concentra¬ 
tions of the precipitating agents and moderately low tempera¬ 
tures are favorable in general to the production of small crys¬ 
tals, precipitations were first made from normal solutions at 
room temperature and from /yT/ifi solutions at higha* tem¬ 
peratures. The precipitated crystate were examined in the 
mother liquor unda* the microscope, using an eyepiece with 
a mkrometd: scale. The data are given in Table 1: 


Hawley; Jptir. Pbys. Oiem., 10,654 



Experiments on White Lead 463 


Tablb I 


Precipitate 

1 Solution 

Temperature 

Diameter 

mm 

Lead carbonate 

N/i 

20° i 

o.ooio 

Lead carbonate 

N/16 

80° ; 

0.0023 

]>ad hydroxide 

\ N/i 

20» 1 

o.ooio 

Lead hydroxide 

N/16 

i 80° i 

0.0375 


The lead carbonate precipitates vary in a ratio of 
about one to two and the lead hydroxide precipitates in a 
ration of nearly one to forty. A series of runs was therefore 
made. The solutions were all precipitated by pouring 50 
cc lead acetate solution into a beaker in a constant tempera¬ 
ture water bath and adding an equal volume of the corre¬ 
sponding hydroxide or carbonate solution to it. The tempera¬ 
ture given is that of the water bath and not necessarily of the 
solutions. During precipitation the solutions were stirred by 
an electrically driven stirrer. The importance of this has been 
emphasized by Free.' The data for lead carbonate are given 
in Table II: 

Table II 
Lead Carbonate 


Solution 

Temperature 

Diameter 
in mm/1000 

N/i 

20 ° 

1.0, 1.2, 1.0 

N/2 

20 ° 

1.4, 1.4 

N/a 

20 ° 

1.8, 1.8 

N/S 

20 ° 

2.0 

N/S 

60° 

2.0 

N/16 

20 ° 

2.0 

N/16 

74 '‘ 

2.0 

N/16 

80° 

2.3 

N/32 

20° 

2.3 

N/32 

45 ® 1 

2.4 

N/32 

70" 

2.5 

N/6a 

70“ * 

Milky solution 


> Jour. Phys. Chwn., I3i laS (1909). 
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It is difficult to see how the precipitation of an electro- 
lytically formed lead salt can depend on the physical charac¬ 
teristics of the lead anode, though the efficiency of ccurosion 
might be affected. Unless the first electrolysis caused a, re¬ 
fining of the lead, it is extremely improbable that the results 
are due to the alleged cause. 

White lead is known to be a definite compound,* 
(PbC 03 )jPb 02 Hs, 

and the commercial white leads do not vary much from this 
composition. Experiments were therefore made on the pre¬ 
cipitation of lead carbonate, lead hydroxide, and basic lead 
carbonate, from solutions of varying concentrations and at 
var3dng temperatures. Solutions of sodium hydroxide, so¬ 
dium carbonate, and lead acetate were made up of concentra¬ 
tions varying from normal to sixty-fourth normal—^the word 
normal being used in the sense of equivalent concentration 
and not of molecular concentration. For this work a normal 
solution of sodium carbonate or caustic soda contains twenty- 
three grams of sodium to the liter and a normal solution of 
lead acetate contains 103.5 grams of lead to the liter. Strictly 
speaking, only the normal solutions were made up accurately, 
the others being prepared by adding 500 cc. water to 500 cc 
of the preceding solution. The error due to contraction or 
expansion is presumably negligible for work of this t)rpe and 
has been so considered. 

It seemed desirable to find out what variations in crystal 
size might be expected. Since moderately high concentra¬ 
tions of the precipitating agents and moderately low tempera¬ 
tures are favorable in general to the p-oduction of small crys¬ 
tals, precipitations were first made from normal solutions at 
room temperature and from N/16 solutions at higher tem¬ 
peratures. The precipitated oystals were examined in the 
mother liquor under the microscope, using an eyepiece with 
a micrometer scale. The data are given in Table I: 


* Hawley: Joar. Phys. Chem., 10, 654 (1906). 
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Table I 


Precipitate 

Solution 

Temperature 

Diameter 

mm 

Lead carbonate 

N/i 

20“ 

0.0010 

Lead carbonate 

N/16 

80“ 1 

0.0023 

Lead hydroxide 

N/i 

! 20° 

0.0010 

Lead hydroxide 

N/16 

80° 

i 00375 


The lead carbonate precipitates vary in a ratio of 
about one to two and the lead hydroxide precipitates in a 
ration of nearly one to forty. A series of runs was therefore 
made. The solutions were all precipitated by pouring 50 
cc lead acetate solution into a beaker in a constant tempera- 
tme water bath and adding an equal volume of the corre¬ 
sponding hydroxide or carbonate solution to it. The tempera¬ 
ture given is that of the water bath and not necessarily of the 
solutions. During precipitation the solutions were stirred by 
an electrically driven stirrer. The importance of this has been 
emphasized by Free.* The data for lead carbonate are given 
in Table II: 

Table II 
Lead Carbonate 


Solution 

1 Temperature 

i Diameter 

1 inmm/tooo 

iV/i 

20° 

1.0, 1.2, 1.0 

N/2 

20° 

1.4, 1.4 

N/a 

20° 

1.8, 1.8 

N/8 

20° 

2.0 

N/S 

60° 

2.0 

N/16 

20° 

2.0 

N/16 

74 '* 

2.0 

N/16 

80° 

2.3 

JV/32 

20° 

2.3 

N/32 

45" 

2.4 

N/32 

70° 1 

2.5 

N/64 

70° ’ 

Milky solution 


‘ Jour. Phys. Chem., 13, laS (1909). 
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The particles from the N/a solutions settled more rapidly 
than those from the N/i solutions. The partides from the 
iV/4 solutions settled rapidly and appeared as rounded masses. 
From the N/S solutions rounded egg-shaped masses were 
obtained. With N/16 solutions a very unifcnrm field of round¬ 
shaped particles was obtained at 20° while at 70° and 80° 
the particles were slightly transparent. With iV/32 solutions 
at 20° and 45“ a milky liquid was obtained, which required 
over twenty-four hours to clear, rounded globular s^ped 
particles settling. When precipitated at 70° the solution 
cleared in about twelve hours, rounded globular shaped 
particles separating. With N/64. solutions no precipitates 
were obtained from the slightly milky solutions when allowed 
to stand for three days at room temperature, regardless of 
the temperature of precipitation. 

These results are in harmony with those obtained by 
Free’ in his work on lead chromate. Free foimd that “in 
the very dilute solutions lead chromate remains in colloidal 
solution for several days,” and that the largest crystals are 
obtained in hot and dilute solutions. The mean size of the 
partides is of course given by the amount of lead carbonate, 
in excess of that‘required to saturate, divided by the number 
of partides. If the number of partides decreased propor¬ 
tionally to the supersaturation, the size of the partides would 
remain constant. If the number of particles falls off 
more rapidly than the supo'saturation, the size of the paiti- 
des will incre^ with inoeasing dilution of the reacting 
solutions; the size of the partides will decrease if the number 
falls off less rapidly than the supei^turation. In concentrated 
solutions the predpitation takes place' so rapidly that the crys¬ 
tals do aot have time to grow, which is another way of saying 
that the number 0$ nudei rdatively high. With more dilute 
solutions we usudly say diat the a^tals have time to grow; 
but we could equally well say thht there are relativdy fewer 
nux^ fotined. With very dilute solutimis the crystals are 


»Jour, Phys, Chem.» 13,130 (i^og)* 
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not large because there is nothing left in the solution after 
the nudei are formed. In other words, the number of the 
nuclei does not decrease anything like so rapidly as the super¬ 
saturation. This is not inconsistent with the fact that the 
mineralogists obtain crystals of insoluble substances by al¬ 
lowing dilute solutions to diffuse together slowly. A colloidal 
solution may perfectly well give rise to relatively large crys¬ 
tals in the course of suffident time, because the very fine parti¬ 
cles are more soluble than the relatively large crystals. On 
the other hand, it is not yet clear how one could predict 
that the relative number of particles will first decrease and 
then increase with decreasing supersaturation. It is not at 
all what one would expect from Tammann’s experiments on 
the behavior of supercooled liquids. 

The data for lead hydroxide are given in Table III: 

Table III 
Lead Hydroxide 


I 

1 


Solution ^ 

1 

1 

1 Temperature 

1 

Diameter 
in mm/iooo 

N/i 

20° i 

1.0, 1.0 

N/2 

20° ; 

i- 5 » 1-5 

Ar/4 

20° 

7.5 (1.5 wide) 

/V /4 

48° ' 

12.5 

Af/4 i 

i 70*’ 

150 

N/S i 

20° 

25.0 

N/S i 

i 66° 

17.5 (crosses) 

N/B 

66° 

12.5 (cubes) 

N/B 1 

47 ° 

i 50 “ 7-5 

n/b 

33 ° 

30 (white) 

N/B 

28° 

30 (white) 

N/16 

20° 

37.5 (needles) 

N/16 

60° 

37.5 (no needles) 

N/32 

20° , 

\?^itish precipitate 


With N/2 solutions rounded masses of lead hydroxide 
were obtained. With N/^ solutions a mixture of needles 
and skeletons were obtained at 20°; at 48° a uniform field of 
crosses was obtained; and at 70” a less uniform field composed 
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dbdefiy of crosses with pcwted ends. 'With N/B sohiticms 
there wac only crosses at 20® but they were fflled out better 
than with the moie concentrated solutions. At 66® there was 
a dightly yellow precipitate and the crosses were nearly 
filled out, so that there was a gradual gradation from crosses 
to lop-sided cubes. At 47° the yellowidi precipitate was 
lighta* than at 66®. The crystals were crosses of varying 
sizes; but only a few were nearly filled out. At 33® there 
were hardly any well-formed crystals, mostly all being skele¬ 
tons. At 28® there were no cubes. Both at 28® and 33® 
there was no yellow precipitate. With N/16 solutions at 
20° the crystals were all long yellowish needles of different 
sizes. At 60° there was a distinct yellow color but no crystal 
needles. With Ar/32 solutions at 20° a whitish precipitate 
was obtained but no distinct crystals were noted. 

The general conclusions from the experiments given in 
Tables II and III are as follows: 

1. The size of the precipitate varies with the conditions 
under which it is formed. 

2. As with other substances, larger particles of lead 
carbonate and of lead hydroxide are obtained from hot, dilute 
solutions than from cold, concentrated ones. 

3. The lead carbonate could not be obtained as definite 
aystals, the prevailing form being rather that of an egg. 
The globules of the lead carbonate, thus produced, appeared 
translucent under the microscope. 

4. The lead hydroxide was obtained in definite crystal¬ 
line form, var}dng from needles to what appeared to be lop¬ 
sided cubes. The size of the particles could be varied much 
more than in the case of the lead carbonate. 

Some years ago it was pointed out^ that one could start 
with a coarse and a fine lead hydroxide and a coarse and a fine 
lead carbonate and could combine these in four different 
ways, thereby getting the po^bility of fc«jr different white 
leads. This expmnoent was tried, starting with lead hydrox- 


* Bancroft: Tnms. Am. 0 ectrodiem. Soc., X4,150 (190S). 
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ide and lead carbonate precipitated at 20° from N/i, N/S 
and N/16 solutions. The moist precipitates were mixed in 
the proper proportions, covered with dilute sodium acetate 
solution, stirred occasionally, and left at room temperature 
until equilibrium was reached. Tests were made from time 
to time to see whether any particles of the original substances 
remained. Equilibrium was always reached inside of twenty- 
four hours. All possible combinations were tested. 

The resulting particles of white lead did not seem to pos¬ 
sess a definite crystalline form and were all of the same size, 
shape, etc., irrespective of the size of the original reacting 
particles. The average size of the particles was 0.0015 mm; 
while most of them were rounded, a good many were elliptical 
and all appeared translucent. The most probable explana¬ 
tion for this result is that the solid lead carbonate and lead 
hydroxide did not react directly to any appreciable extent 
and that the white lead was formed by the interaction of lead 
carbonate and lead hydroxide dissolved in the dilute sodium 
acetate solution. Experiments were also made with 5N, 
N/i, N/s, and N/$o sodium acetate solutions at 20°; with 
practically the same results. At higher temperatures equi¬ 
librium was reached more rapidly; while there seemed to be 
a slight difference in the size of the particles, the amount of 
change could not be estimated. This is probably due to 
the fact that the higher temperature and the more rapid 
reaction counterbalance each other. 

It was next decided to mix the sodium hydroxide and the 
sodium carbonate solutions in the ratio of one to two, and then 
to pour this mixed solution into an equivalent lead acetate 
solution, var3dng the concentrations and the temperature. 
The data are given in Table IV. 

Experiments were made only at the two extreme tempera¬ 
tures because it was thought that suflBdent data would be 
obtained thereby for present purposes. It is not dear why 
the partides slmuld be smaller at the higher temperature 
than at the lower. It is posdble that the agglomeration 
at the higher temperature has given rise to a denser form. 
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The time at my disposal did not permit of a further study 
of this unexpected phenomenon. The data show that the 
average size of the particles of white lead can be varied from 
0.0008 ititn to o 0020 mm without having recourse to solu¬ 
tions more dilute than N/16. While this diange in dze is 
not very large, it shows the possibility of making a number 
of white leads, having different physical properties, though 
identical in chemical composition. 

Table IV 
White Lead 


Lead acetate 
solution 


Diameter m mm/iooo 
ao" i 98“ 


Appearance 


N/i 

N/2 

N/a 

N/S 

N/16 

N/32 

N/6a 


I 25 

1 5 

2 o 
2 o 

I 8 

o 2 

O 2 


o 8 
I o 
I 5 

I 6 
I 6 
I 6 

o 2 


Rounded and translucent 
Rounded and translucent 
Rounded and translucent 
Rounded and translucent 
Rounded and translucent 
Rounded and translucent 
Rounded and translucent 


The next step was to determine which size of partide 
was best for co mm ercial purposes; but owing to lack of time, 
this point was not worked out thoroughly. Covering power, 
durability, oil absorption, and the ease with which the pig¬ 
ment may be worked under the brush should be considered. 
The oil absorption was first tested on the laboratory scale; 
working under the brush was then tested, and a few pieces 
of wood were painted so as to obtain some idea of the cover¬ 
ing power, but nothing whatever was done in the way of 
testing durability. 

Correspondence as to the best method of detenninmg oil 
absorption brought out vfiry little except advice to consult a 
jn-actical painter. Anybody who has had any experience 
with a so-called practical painter knows that it would have 
been an absolute waste of time to follow this advice. Conse¬ 


quently, a method of determining oil absorption was worked 
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out which had the merit of giving very interesting results 
and which probably possessed a fair relative accuracy. Of 
course no method can be called accurate which depends in 
such a way on the sense of touch. The method employed 
was to use a convenient receptacle into which any known 
weight of the dried white lead was placed. The linseed oil 
was allowed to run in from a burette until a certain consistency 
was reached. In this work a three-inch agate mortar and 
pestle was used. Five or ten grams of white lead were placed 
in the mortar and the oil was allowed to drop into the pigment 
with which it was carefully mixed. The process was con¬ 
tinued through the granular state until the mixture finally 
became pasty and sticky. When the mass became so sticky 
that the mortar could be lifted by the pestle adhering to the 
paint, the cubic centimeters of added oil were noted, as this 
seemed to be a fairly accurate reproducible end-point. 
This end-point differs very much from that selected by the 
painter; but each end-point could be expressed in terms of 
the other by anybody who knew what the painter’s end¬ 
point was. 

The data are given in Table V: 


Tabcb V 

Oil absorption with precipitated white lead 


Size of crystals 
in mm/1000 


cc oil used 


Pigment in grams 


2.2 1 

I. I 

2.0 i 

1 .0 

1.6 i 

0.9 

'1 i 

0.85 

0.8 1 

0.55 


5 

5 

5 

5 

5 


These results show that the amotmt of oil needed does 
not increase proportionately to the size of the particles; but 
it also shows conclusively that there is a marked difference in 
the amount of oil needed to produce the given end-point. 

The following qualitative observations were made on 
the covmi^ power as affected by size of particles. Paints 
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made fiom the larger particles and from the smaller ones were 
applied to pieces of wood previously painted with a black 
of unknown composition. A given weight of dry white lead 
was mixed with a given number of cubic centimeters of oil 
and all of the same was applied with a clean brush to a 
board of standard size. After drying for twenty-four hours, 
the pieces of wood were examined and it was found that the 
paint made from the smaller particles was far superior to that 
made from the larger ones. A second coat of paint was given 
to the piece of wood which had been painted with paint made 
of the larger particles; but after drying the coating was thought 
still to be inferior to that on the other sample. It was there¬ 
fore decided that one coat of paint made from the smaller 
particles was certainly superior to two coats of the pe^t made 
from the larger partides. The reason for this <hfference is 
perhaps to be found in the fact that the pigment predpitated 
from the lead acetate solution consisted of translucent rounded 
particles which seemed to possess no defixute crystalline form. 
In a partide like this, the covering power is due chiefly to the 
rim of the globule and consequently the covering power 
will be less the greater the rdative proportion of translucent 
center. Bedson*. says that "white lead is a white, earthy, 
heavy powder, which, from its behavior to polarized light, im- 
doubtedly possesses a crystalline structure. Examined under 
the microscope, it appears to consist of rounded, circular, or 
oval grains. The grains are transparent; they vary in diameter 
from 0.0025 to 0.0009 mm.” 

As for the property of working tmder the brush, it can 
only be stated that the smaller particles seemed to work 
better. A definite statement could be made only after ex¬ 
periments by an expert with much larger amounts of pig¬ 
ment. 

Sin<% the small partides make the best pigment so far 
as these tests are concerned, it seemed dedrable to make a 
few observations on commerdal white leads. On examina- 


^ '‘Thorpfe*s pictionary of Applied Chemistry/' and Bd., 3, ^87 (xpia). 
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tion of some pigments made by processes similar to the Dutch 
process, it Wjas found that the product varied considerably in 
the size of the particles contained; but that the average run 
was probably about 0.0014 mm. It should be noticed that 
it is not necessarily desirable to have the particles of uniform 
size. Approximately circular particles will pack more closely 
and consequently will have greater covering power when of 
two or more sizes than when uniform. 

Products obtained from outside sources may be given as 
follows: 

Eagle White Lead Company: Average size 0.0022 mm; 
composed of rounded and fragmental pieces. 

Acme White Lead Company: Even product averaging 
about 0.0024 mm. 

Matheson White Lead Company: Average size 0.0022 
mm; mostly well-rounded masses. 

Carter White Lead Company: Average size 0.0018 to 
0.0020 mm; rounded particles uniformly smaller than other 
varieties examined. 

National White Lead Company: Average size 0.0020 
mm; a very scaly product of irregular shapes. 

It was very interesting to note that when equal volumes 
were placed in the sample bottles, the bottles containing the 
smaller and the larger particles could be differentiated by 
weight alone. 

The last experiment was to make some white lead elec- 
trol)^cally on the laboratory scale. The Woltereck and 
Duckow methods were taken as fairly typical. Data for the 
experiments were obtained as far as possible from the United 
States pat^ts: 

I. Woltereck Patent, No. 589,801: 

Electrolyte contains 10-15 percent of a mixture of 80 
parts CHaCOjNa and 20 parts NaHCOa. 

Carbon dioxide introduced at bottom of vessel; solution 
stirred. 

Lead electrodes; current density of one ampere per 
square decimeter. 
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Results: Much oxide of lead thrown down with the white 
lead; anode badly pitted. 

Sze of crystals = o 002 nun. 

2. Luckow Patent, No. 627,662. 

Electrolyte contains o 3-3 o percent of a mixture of 
80 parts NaClOs and 20 parts NasCOs. 

Sodium carbonate added from time to time; solution 
stirred. 

Eead electrodes; current density of one-half ampere per 
square dedmeta:. 

Results: Anodes in fairly good condition. 

Size of oystals = 0.0022 mm. 

From these two tests it will be seen that the sizes of the 
partides are what one would expect from slow predpitation. 
The fact that the partides are much the same size as those ob¬ 
tained by the rapid processes does not prove that the electro¬ 
lytic white lead is as good as the other because no tests were 
made on the density, the oil absorption, etc. These experiments 
do prove that these two dectrolytic methods are not run 
under conditions which give the best predpitate of white 
lead. 

The general results of this paper are: 

1. Lead hydroxide can be predpitated with a definite 
crystalline form and the size of the crystals can be varied 
between rather wide limits. 

2. Lead carbonate was not predpitated in any definite 
crystalline form. It is probable that the partides consist 
of aggregates of very small crystals. The size of the parti¬ 
cles can be varied between narrow limits. 

3. When a mixture of particles of lead carbonate and lead 
hydroxide are allowed to stand together under a sodiiun 
acetate solution, the partides of white lead have the same size, 
no matter what the size of the partides of the reacting salts. 

4. When a suitable mixture of sodiumhydroxide andsodium 
carbonate is added to a soluticm of lead acetate, white lead 
is predpitated and the size of the partides 4^ be varied be¬ 
tween rather narrow limits. 
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5. White lead thus prepared does not show any definite 
crystalline form; it seems to consist of rounded translucent 
particles. 

6. Rapid precipitation gives smaller particles and slow 
precipitation gives larger particles. 

7. The commercial samples and those produced in the 
laboratory by electrolytic means had particles corresponding 
in Mze to those obtained by slow precipitation. 

8. The oil absorption, as tested, is much less with small 
particles of white lead than with the larger particles. 

9. The paint made from a pigment consisting of smaller 
particles was superior to that produced from a pigment con¬ 
sisting of larger particles. 

10. Uniformity in size of particles is not necessarily an 
advantage in a paint. 

The experimental work was done in the spring of 1909; 
but publication has been delayed. The work was suggested 
by Professor Bancroft and was carried out under his super¬ 
vision. 

Cornell University 
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Tablb I 


Comparison of “a” computed from the critical data, etc., 
with "a” computed from the molecular wei^^t and valence. Ute 
figures rqnesent dynes for gram mdl amounts, multiplied by io~" 


Substance 

Mean 

value 

of 

a - C(Wt. X Viil.)*A 
(C » 1.259 X ic^‘) 

iDifference 

Actual 

Difference 

Percent 

H* 

O.311 

0.317 


— 0.006 

—1*89 

N, 

' 1.836 

1.842 (Val. 

» 2) 

—0.006 

—0.31 

O2 

1.984 

2.014 (Val. 

= 2) 

—0.030 

— 1-5 

n-Pentane 

22.07 

21.96 


+O.H 

+0.5 

i-Pentane 

21.41 

21.96 


- 0-55 

—2.2 

n-Hexane 

28.10 

27.71 


+0.39 

1 +1.38 

Heptane 

34.82 

33-80 


+ 1.02 

+3-o6 

Octane 

41.94 

40.17 


—1.77 

^ + 4-4 

Diisobutyl 

40.01 

40.17 


—0. 16 

—0.4 

Ether 

19.94 

20.46 


—0.72 

—0.32 

Benzene 

21.95 

22.19 


—0.24 

-O.II 

Chlor-benzene 

23.26 

22.94 


+0.32 

+0.14 

Toluene 

28.12 

27.97 


+0.15 

1 +0.50 

Metaxylene 

34.08 

34 06 


—0.02 

1 -fo.o6 

Methyl formate 

12.04 

12.25 

i 

—0.21 

' -1.7 

Methyl acetate 

17.12 

17.42 


— 0.30 

1 — 1.1 

Methyl propionate 

22.49 1 

22.96 


—0.471 

~~~2 .0 

Ethyl acetate 

22.84 1 

22.96 


—0.12 i 

—0.5 

Propyl formate 

23 13 

22.96 


+0.17' 

+0.72 

Methyl butyrate 

29.53 

28.84 


+0.69 

+2.4 

Methyl iso-butyrate 

28.27 

28.84 


—0.60 1 

— 2,1 

Propyl acetate 

28.95 

28 . 84 


-1-0.08 

+0.3 

Ethyl propionate 

28.92 

28.84 


-fo.05 

-fO .2 

SnCU 

32.58 

32.58 (Val. « 16) 1 

*0.00 

.fco.oo 


Fi-om the equation a = C(Wt. X Val.)*''*, if M*K, w 
“a," can be determined, and if C and the molecular weight 
are known, the total number of valences in the molecule can be 
calculated. If from this total number of valences there be 
subtracted the number which is known to exist in the m<de- 
cule on the basis that hydrogen is univalent, oxygen bivalent, 
carbon quadrivalent and so on, the remainder may be sup¬ 
posed to constitute the average amotmt, car number, cd extra 
or residual valences whicdi the molecule possesses. It is this 
number whidi has been determined in this paper. 
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Granting that this number really represents the residual 
valence, the accuracy with which it can be determined will 
depend on the accuracy with which M*K, C, the molecular 
weight and the number of valences reaching between the 
atoms can be determined. The molecular weight may be 
assumed to be normal for non-associating substances at the 
critical temperature; and we have to assume that the number 
of valences between the atoms are those which chemists 
usually assign to these elements. The determination of the 
constant C, however, is more difficult. It could be deter¬ 
mined empirically if M*K was known accurately for any 
substance of which the valence is fixed and certain. Hydrogen 
is the only element with an unchanging valence, but un¬ 
fortunately the critical pressure of hydrogen is uncertain. 
Moreover, it cannot be assumed that the valence of hydrogen 
is exactly unity. There are several indications that a mole¬ 
cule of hydrogen has some residual valence although it is 
certainly small in amount. One such indication is the solu¬ 
bility of hydrogen in water. At the same pressure and tem¬ 
perature more molecules of hydrogen dissolve in water than of 
helium, and hydrogen is half as soluble as nitrogen which al¬ 
most certainly has residual valence. If solubility involves 
residual valence, as it may, this means that hydrogen would 
have some residual valence. Its solubility in platinum may 
be interpreted in the same sense. The catalytic reducing 
action of platinum, nickel or other metals or metallic oxides 
in a hydrogen atmosphere is interpreted by Sabatier* to mean 
that a chemical union of the reacting substances occm-s. 
Armstrong,* too, has expressed the opinion that hydrogen 
has a small mnount of residual valence. For these reasons 
we cannot accurately determine C from hydrogen. Never¬ 
theless I have calculated M*K and C for hydrogen to show 
what the value of C would be if hydrogen were univalent. 

‘Sabatier: Nbbel Prize Address, p. 9, et seq.; Les Prix Nobel en 1913; 
1a Mitbode d’Hydrog^nation directe par Catalyse. 

* Armstrong: '‘Valency,” Sncyclopaedia Britannica, nth Ed., ay, 848 

(mt). 
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Using the critical data of 32.3 and 13 atmospheres 
as found by Olszewski; and dc as 0.033 ^ determined by 
Dewar, the critical coefficient S, where S «» RT«/P«Ve, is 
equal to 2.860. This value of S is, however, mudi lower than 
that of any other substance. Thus for O*, S is 3.5; for Nj, 
3.6; for N2O, 3.4 and, even for helium it is 3.13 according to 
Onnes. It is probable then that 2.86 is too low. Ibe critical 
temperature and pressure have recently been determined by 
Buller* who finds T^ = 31.95; Pc = ii. With these values 
and dc = 0.033 S computes 3.903, which is higher even than 
sudi complex substances as octane and is clearly too high. 
If S is calculated by my formula which gives a result within 
1-2 percent in most cases, namely, S® = R(di — d,)T‘^V- 
(Tc — T)'^‘MPc, using Buller’s values for Pc and Tj and 
taking di as that of hydrogen at the melting point [—258.9° 
(Travers) ] as 0.086 (Dewar) and disregarding the value of d, 
at that temperature then S is computed as 3.517. If Pc were 
11.5 atmospheres, and the uncertainty is at least half an 
atmosphere, S would be 3.365. I believe S of hydrogen may 
be taken as approximately that of oxygen or as 3.4. If S 
is assumed to be 3.4 then with Pc ii and dc 0.033, 
o =* (S* — S + 2)/(S — 2) P«Vj = 0.301 X io‘*. Dividing 
this by N* where N * 6.062 X 10**, M*K for hydrogen would 
be 8.191 X io~” from which C is found to be 3.23 X 10-”. 
If, however, S = 3.4 and P^ 13, then “o” would be 0.317 X 10^*, 
M®K, 8.626 X 10“*^ and C would be 345 X lo-*^ Since 
from Buller’s results it is probable that Pc should be lower than 
13 otmpspheres, the value for M®K is probaWy not far from 
correct so that C should be voy nearly 3.23 X 10“*’^. 

Anoth^ simple substance from which a calculation of 
C might be made is methane, since the amount of its residual 
valence is certainly small and the total number of valences 
per m<decule is very neatly 8. Unfortunately the critical 
density of methane is unknown and T* and Pc have not been 
recently detemdned. However, if T* is 191.2 and P* Is 54.9 

^ Bullet: "Bhys. ZdU X4» ( 1913 ). 
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(Olszew^) and if S be calculated by the formula already 
given using the value of the density of the liquid at —164° 
as 0.466 and disregarding the vapor density, S computes to 
be 3.318 which is probably not far wrong. From this “o” is 
found by the formula given above to be 3.025 X 10**, M*K‘ is 
8.232 X io~®* and C is found to be 3*24 X which is al¬ 
most the same value as that computed from hydrogen. 

The critical data of oxygen are known, but the calculation 
shows clearly that oxygen is monovalent in the elemental form, 
there being but two valences in the molecule. This un¬ 
expected conclusion makes it impossible to use oxygen for the 
determination of C until it can be shown from independent 
soiurces that oxygen in the elemental form is really mono¬ 
valent. There is some residual valence also. But if the 
residual valence be disregarded and two valences only be 
postulated in the molecule, the value of C would be 3*43 X 
10- 

The mean value of C determined from all the substances 
in Table VIII in my former paper was 345 X if Milli¬ 

kan’s value of the number of molecules in a gram mol., namely 
6.062 X io^'\ is used in the computation. Since in this 
calculation of C the molecules were not supposed to have 
residual valence, it is clear that an allowance for the presence 
of this valence would have the effect of lowering C, so that 
its true value must be somewhat less than 340 X 

A way in which C can be independently determined was 
suggested by the relation between cohesion and gravitation. ‘ 
In the formula M*K = C(Wt. X Val.)’^* it is evident that 
M*K is proportional to the -/sds power of the gravitational 
mass of a molecule and when weight and valence are unity 
M*K = C. It occurred to me that under these circumstances 
C might very possibly be nothing else than the factor 
of a molecule of unity molecular weight. In this 
case “m" is the gravitationsd mass of such a molecule and 
“k” the gravitational constant. A computation of 
using MilHkan’s recent determination of the number of mole- 

^ Mathews: Jottr. chim. phys., 1914, 
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cules in a gram mol, gave the result » 3*ao X 10- 

whidi is very close to the figures already obtained from 
methane and hydrogen, and somewhat less, as it ought to be, 
than the mean value of 3.45 X 10“®^ which was obtained when 
residual valence was disregarded. In view of these facts I 
believe we may assume that 3.201 X io~*^ is the real value 
of C, although the theoretical basis of this rdationship is still 
lacking, and proceed with the calculation of the total valence 
of a molecule on that assumption 

The value of M®K is less satisfactory. It is here that the 
main imcertainty of the calculation lies. As I have already 
discussed the methods of calculating this value in my paper 
on the internal pressures of liquids I will not go into the 
question at this time further than to point out two or three 
considerations bearing on the probable accuracy of those 
figures. In all the formulas for “o” which have so far been 
proposed certain assumptions have been made The one 
ordinarily made m van der Waals’ method of computing “a” 
is that be = Ve/3. I** the various methods I have proposed 
for the computation quite different assumptions have been 
made in the different formulas, but nevertheless these formulas 
have all given results which are not widely different if the 
uncertainty of some of the experimental data are considered. 
Nevertheless, the formulas do not always give exactly the same 
values as they should if all the assumptions and data were 
rigorously correct. The computation of the cohesion from the 
latent heat of vaporization ^ould give a correct result since 
the assumptions made here are less radical than in any of the 
other methods. Now this method generally gives a value for 
“a" lower, in some cases 3 percent lower, than that com¬ 
puted from the critical data. But I have not been able to 
attadi more importance to this deviation for the reason that 
the computation must be made dose to the critical tempera¬ 
ture, within a fraction of a degree of it, and a very ^ht error 
in the diffo-ence of the vapor and Uqpid densities would make 
a very large error in “o.” That the formulas proposed fm 
"a” are possibly not entirely accurate may be diown also 
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by the following circumstance: From the formula 
o = ((S® — S + 2)/(S — 2))PcVc and the formula 
a = M((S* — S + 2)/(S ~ 2))RT:/‘(T. — T)‘/»/(dx — d,) we 
have = MR(T, — T)‘/*T*/V(di — d,)V,. If now we com¬ 
pute d, of oxygen by this formula from the densities of liquid 
and vapor oxygen found by Mathias and Onnes, we find 
indeed a constant value for dc, but a density nearly 3 percent 
higher than that computed by the rectilinear diameter law, 
as follows: 

Tabls II 

Computation of the critical density of oxygen from the densities 
at different temperatures, t 

t I dc 

. 

—118.8® 0.4413 

—120.4 0.4428 

—140.2 0.4437 

—154.51 0.4427 

dc computed by Mathias and Onnes by the rectilinear diameter 
law was 0.4299. 

The deviation with pentane was in the opposite direction. 
dc was found by S. Young to be 0.2323. If it is calculated 
by the foregoing method from Young’s density figures we have 

t j dc 

. 

o i 0.2235 

160 I 0.2265 

In this case the result was about 3 percent too low. 

With octane the computed and fotmd values agree very 
well, as follows, using Young’s density figures at various 
temperatures. 


t \ 

dc 

0® 

0.2319 

60 

0.2324 

120 

0.2336 

160 

0.2348 

190 

0.2352 

230 

0.2372 
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The density values show a teodency to advance. The mean 
value of about 0.2330 is very close to that determined by 
Young of 0.2327. 

The critical density calculated for various other sub¬ 
stances from the liquid and vapor doosities resulted as follows 
when compared with the found values: 


Substance 

Temperature and density from 
which calculation made 

dc 

Calculated 

dc 

Pound 

Benzene 

0® di = o.9cx3o6; dv — 0,000x2 

0.3019 

0.3045 

Fl-benzene 

o°di - 1.04653 

0-3495 

0.3541 

Br-benzene 

0° di = 1.52182 

0.4804 

0.4853 

CO* 

o°di = 0.914; de = 0.096 

0.4749 

0.46 

CCI4 

o°di = 1.63255 

0.5569 

0.5576 

Ethyl ether 

o°di = 0.7362; dp = 0.000827 
60® di = 0.66580; dp = 0.006771 

0.2605 

0.2622 

0.2625 


The foregoing figures show that the formula used for the 
calculation of dc, which was derived from two of the formulas 
used in the calculation of “a,” gives results which agree 
generally within i percent of the values of the critical density 
determined by experiment, but in some cases there is a devia¬ 
tion of about 3 percent. We may, I think estimate the un¬ 
certainty in the value of “o” and hence of M*K, as not more 
than 2-3 percent.' 

The formula which I have chosen for the calculation of 
the value of “ o ” is that which is based on the assumption that 
the value of be is 2V</S. This formula is: o == ((S’* — S + 2)/- 
(S — 2))P«Ve. This equation involves only the critical data 
and may be applied to the largest number of substances. 

While the calculation of the total valence of the molecules 
is thus subject to these uncertainties, it is probable that the 
substances are arranged in their proper order of the amount of 
residual valence and that the error in the total valence of the 
molecule is not more than 3 percent at the outside. The re¬ 
sults are given in Table itl. The values of “o” are taken 
from column 4 of Table VIII of my paper^ on the internal 
pressures of liquids. 


^ Mathews: Lac. cit,, p. 622 . 
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Table III 


Amount of residual valence 


I 

II 

III 

Theoretical 

IV 

Total No. of 

V 

Resid- 

Substance 

Formula 

No. of val¬ 
ences 

valences by 
formula 

o«CHWt.XVal.)*/« 

ual 

valence 

Hydrogen 


2 

2.195 

0.195 

Oxygen 

Oj 

2 1 

2.195 

0.195 

Nitrogen 

Na 

2 

2.197 

0.197 

Nitrous oxide 

NaO 

4(?) 

6.765 

2.765 

Ethylene 

CaH 4 

12 

12.904 

0.904 

«-Pentane 

CsHia 

32 

36-59 

4-59 

t-Pentane 

CsHja 

32 

35-95 

3-95 

n-Hexane 

CaHu 

38 

43.42 

542 

Diisopropyl 

C,H ,4 

38 

42.41 

441 

Heptane 

C7H16 

44 

50.89 

6.89 

«-Octane 

CaHis 

50 

59.08 

9.08 

Diisobutyl 

CaHxa 

50 

56.30 

6.30 

Ether 

C4H10O 

28 

30.45 

2-45 

Carbon tetra*chloride 

ecu 

16 (Cl = 3) 

20.28 

4.28 

Benzene 

QH, 

30 

33-70 

3-70 

Chlor-benzene 

CaHaCl 

32 

36.40 

440 

Methyl formate 

CaHaOa 

16 

18.12 

2.12 

Ethyl formate 

C,H,0* 

22 

24 39 

2.39 

Me^yl acetate 

CaHaO, 

22 

23.52 

1.52 

Methyl propionate 

CaHgOa 

28 

29.38 

1.38 

Ethyl acetate 

CgHgOa 

28 

29.20 

1.20 

Propyl formate 

CaHgOa 

28 

31-16 

3.16 

Methyl butyrate 

CgHicOa , 

34 

36.11 

2.11 

Methyl iso-butyrate 

CgHioOa , 

34 

35-30 

1.30 

Propyl acetate 

CgHioOg , 

34 

36.05 

2.05 

Ethyl propionate 

CgHioOa |. 

34 

35-80 

1.80 

Stannic chloride 

SnCU 

16 (Cl = 3) 

17.68 

1.68 

Carbon bisulfide 

eSa 

16 (S == 6) 

15-94* 

— 

Methane 

CHg 

8 

8.15 

0 . 1 $ 


* “a” computed from the surface tension. 


These ^;ures speak for themselves, but a word of com¬ 
ment may be made on some of them. It seems probable 
from the greater solubility in wat^ of oxygen and nitrogen 
than hydrogen, that the average residual valence of a molecule 

‘ C - 3.S0 X 10"*' X N». 
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of hydrogen gas is somewhat Iowa* than the figures indicate. 
In the series methane, ethylene, pentane, hexane, heptane and 
octane the residual valence is, respectivdy, 0.15,0.9,4.6,5.42, 
6.89, 9.05. In other words, the residual valence increases 
with tile number of carbon atoms as Armstrong has already 
inferred it should do. If 0.15 be considered as the average 
amount of residual valence of a carbon atom when united 
with hydrogen and if the amount of residual valence increases 
proportional to the square of the number of carbon atoms, we 
should have R. Val. = «* 0.15, n being the number of carbon 
atoms. By this formula the number of residual valences 
in the series mentioned should be, respectively, 0.6 for ethylene, 
.3.75 for pentane, 5.40 for hexane, 7.35 for heptane, and 9.60 
for octane. These values are not very different from those 
actually found. This relationship does not hold for the 
esters. 

Another fact may be noticed, namely, that the differences 
between the total number of valences in the various groups of 
esters is very nearly the theoretical ntunber. Thus between 
methyl formate and methyl acetate a difference of six valences 
is required. 5.40 was the difference found. If we take the 
average of the total number of valences found in the two 
esters of the formula CdH602 it is 23.95. This is 5.75 valences 
moT6 than methyl formate has and is almost exactly six. 
less than the next higher homologues of the formula C^HsOt, 
of which the average number of valences found was 29.91. 
This in its turn is again 5.79 (required 6) valences less than 
the average of the next higher group of the formula CtHioOi. 
Theoretically, there should be a difference of 32 valences be¬ 
tween the molecule of hydrogen and a molecule of the formula 
CsHioOj, whereas the method actually ^ows a difference of 
33.62. It is certainly reasonable to su{:q)06e that this differ¬ 
ence from the theoretical is to be ascribed to the larger amount 
of residual valence possessed on the average by a mcfiecule 
of the ester as compared with hydxogm. 

In the case of the chlcaine compounds I have assumed 
that the valence of chlorine is three. l!lie reason for this is 
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that I have not been able to find any chlorine compounds 
which show chlorine to have a lower valence than this. It 
might be assumed that these three valences were composed 
of one chief and two residual valences. In that case one 
should, of course, make the residual valence of chlor-benzene 
6.40 instead of the value 4.40 which I have indicated. Another 
reason why I have not counted these two valences of chlorine 
as residual valences is that these chlorine compounds are non¬ 
associating compounds, or at any rate they associate very 
little. Hence the valences, sixteen in number, found in 
carbon tetra-chloride are probably not free residual valences, 
in the sense that they are valences in an active form but not 
saturated in the molecule, but they must be saturated in the 
molecule. On the other hand, the excess of 4.28 valences 
found above the calculated amount may or may not be in 
part saturated within the molecule. 

It is evident then that the determination of the residual 
valence by this method of subtracting the theoretical number 
from the total number found is open to these serious sources 
of uncertainty. All that can be claimed for the method at 
this time is that it gives a method of calculating the total 
valences and thus estimating the residual valence, and that so 
far as indications go in the hydrocarbons and the esters the 
compounds are at least arranged in the order in which they 
would be placed, judging from their reactions, if arranged 
according to the amount of residual valence they possess. 
I hope that methods will be found to differentiate more clearly 
between the valences extending between the atoms and those 
additional valences extending outward from the atoms making 
the residual valence proper. 

It is still too early to attempt to correlate the amount 
of reridual valence with the solubility of compounds. It 
is at least possible that in solubility other factors than the 
number of valences come into play. The attraction between 
the molecules erf solvent and solute may involve the factors 
which have been shown to influence cohesion, namely, molec¬ 
ular weight and number of valences, as well as the amount of 
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residual vaknce; it may also involYe, of course, the amount 
of dissociation of the aggregates formed by Cohesion or residual 
valence. It is probable, since the atomic unions are aS a rule 
far more stable tluin the cohesive, the chemical attraction 
between the atoms being of an electro-static kind, that the 
union between solvent and solute due to the residual valence 
is of far more importance than that of a cohesional nature, 
just as the cohesional attraction is of vastly greater importance 
than the gravitational attraction; and there are not lacking 
indications that residual valence plays a very important part 
in solubility. I may mention in this connection the series 
helium to xenon already discussed elsewhere; the great dis¬ 
solving power of associated as contrasted with non-assodated 
liquids, shown by the solvent powers of water; the less asso¬ 
ciation of associating substances when dissolved in associa¬ 
ting solvents as compared with their state in non-associating 
solvents; the greater solubility of such gases as hydrogen 
sulphide, ammonia, sulphur dioxide which have greater 
residual valence than nitrogen, hydrogen and oxygen, and 
the fact that they are known to combine with water, and so on. 

The residual valence is hardly ever found to be a whole 
number. The probable explanation of this is that the number 
found represents only the average amount of residtial valence 
possessed by the molecules. It is probable that the residual 
valences open up in pairs, one positive and one negative, 
but that at any instant of time only a few molecules have them 
open, so that the average amount possessed by each mole¬ 
cule may appear to be a fraction. 

Summary 

The amount of residual valence of a number of non¬ 
associating liquids and gases has been computed by sub¬ 
tracting from the total nuiqber of valences which the mole¬ 
cule possesses, as shown by its cohesion, the number which 
there is reason to believe extend between the atoms of the 
molecule. The difference is considered to be the residual 
valence. 



Residual Valence of Various Molecules 487 

The computation of the total number of valences in a 
molecule from the cohesion is made from van der Waals’ 
factor “a” by the formula: a — C(Mol. Wt. X Val. number)’^*. 
a was computed by the formula already given, namely 
a = ((S* — S + 2)/(S — 2))VcVl, in which S is the critical 
coefficient and Pf and the critical pressure and volume. 
The constant C for a single pair of molecules was assumed to 
be equal to in which m is the gravitational mass of a 

molecule of unity molecular weight and k the gravitational 
constant. From Millikan’s recent determination of the number, 
N, of molecules in a gram mol, the value of this constant was 
3.2015 X io~” expressed in dynes. For a gram mol C is 
1.177 X io“. 

Owing to various uncertainties and assumptions in the 
calculations, this method of determination can be regarded 
only as of the nature of an approximation to the actual amount 
of residual valence of molecules. 



ELECTROLYTIC DEPOSITION OF BRASS ON A ROTA¬ 
TING CATHODE 

BY C. W. BENNBrr ANB A. W. DAVISON 

In a jB-evious paper* a study was made of the relation 
between tensile strength of electrolytic copper and speed of 
rotation of the cathode. The results obtained were highly 
satisfactory, and pointed to possibilities of wider application 
of the process, in enhancing the physical properties, and in¬ 
creasing the tensile strength of brass and other dectrolytically 
deposited alloys, the unsatisfactory nature of whidi has long 
been deplored.® In the paper referred to above, some work 
was reported on the copper-zinc and the copper-tin alloys, 
but the time at hand was inadequate for an e^austive study 
of the question, and this paper is the result of further work 
along these lines. 

It was decided at first to discard the cyanide solution, 
because of the entirely unsatisfactory results which are ob¬ 
tained from it, and to search for some other solution or com¬ 
bination of solutions which might give a less brittle and more 
coherent deposit. • 

In order to secure the simultaneous {B‘ecipitati(m of 
two metals from the same solution, the single potentials of 
those metals in that solution must be very dose together, 
or else marked impoverishment must take place. Single 
potential measurements bn solutions the double C3ianides 
dearly show that the curves are not iMoessarily coinddmt, 
but they are almost paralld and are reasonably dose together. 
Their d»tance apart will depend to a certain extent on the 
amount of free potasdum (yanide present. A brass is prdiably 
deposited from a solution ai the mixed cyanides by reason 
of impoverishment. Reasoi^uig from eonditiotts in tiik solu¬ 
tion, where a brass is known to dqiodt, to those which must 


' Bennett: Jour. Fhys. ^ 

* Field; The Biectrk^« 



Electrolytic Deposition of Brass 


489 


obtain in any other solution from which a brass would deposit, 
it is seen that the curves representing single potentials at 
various current densities must first of all be nearly parallel, 
and must also be nearly equal in magnitude. In order to 
determine what salts might be expected to give brass, such 
curves were highly desirable. 

The electrochemical literature is filled with measure¬ 
ments of single potentials for the various metals in solutions 
of their salts, referred to the standard calomel electrode, 
but these values are all taken against stationary electrodes. 
With the rotating cathode, in the case of one of the metals 
under consideration, it has been shown* that marked concen¬ 
tration changes, accompanied by increase in potential, take 
place, and it was deemed desirable to measure the single poten¬ 
tials under conditions as near as possible to those under which 
precipitation would take place, in other words, with the cathode 
rotating at its normal speed, and with full current flowing. 
Under such conditions, of course, a brass cathode could not 
be realized in the measurements. Bancroft* has pointed 
out that an alloy should show the potential of its less noble 
phase, and Spitzer* has shown that electrolytic brass deviates 
from this but slightly. Since the meastnements for the 
purpose at hand would be but relative, the form rather than 
the absolute value of the curve being desired, the fact that 
a brass cathode could not be maintained during the measure¬ 
ments is unimportant. 

As previously stated, the calomel electrode is used in the 
majority of single potential measurements. In this instance, 
however, it was found difficult to keep the calomel electrode 
at constant distance from the cathode, for the latter was belt- 
driven, and its position in the cell would vary from one run 
to another. Fastening the calomel dectrode to the cathode 
frame in order to secure a constant separation from the cathode 

* Bennett and Brown: Jour. Phys. Chem., 17, 373 (19J3); Am- Electro- 
•dicm. Soc., as, 3S3 (1913)- 

* Bancroft; Am. Electrochem. Soc., 3, *97 (1909)- -- 

* S|dtzer: Zeit. Blektrodtmie, 11, 345 (1909). 
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was impossible for mechanical reasons, hence a platinum 
electrode, which could be fastened to the frame of the appara¬ 
tus, was substituted. This consisted of a piece of platinum 
wire one millimeter in diameter and twenty-five centin^ters 
long, held firmly at a fixed distance of one mitimeter from 
the cathode, by means of a fiber strip. 

The actual measurement is therefore the voltage drop be¬ 
tween a platinum anode and a copper or zinc cathode, respec¬ 
tively, in the solutions used. The anode voltage will be prac¬ 
tically constant no matter whether the solution be one of 
copper or of zinc salt; for the platinum adsorbs practically 
a constant amount of oxygen. It was necessary to have 
the conditions such that the platinum was anode for some 
time before the measurement was made, so that sufficient 
time was allowed for the adsorption of the maximum amount 
of oxygen. So that, while the results are probably not so 
accurate as if a calomel electrode had been used, they repre¬ 
sent values which do not differ from the true ones by a large 
amount. It may be considered, therefore, that the poten¬ 
tial of the platinum anode is practically constant in ^ the 
measurements, and that the change in voltage is due to other 
conditions, such as" cathode voltage, concentration differences, 
and the resistance of the solution. 

As in the previous work, an aluminum cathode was used, 
since it embodies lightness with ease of stripping off the de¬ 
posit, when physical tests were to be made. In design it is 
similar to the one previously described,* although since much 
smaller current densities were here used, the parts are pro¬ 
portionally smaller, and the water-cooled bearing was dis¬ 
pensed with. The cathodes proper were constructed from 
aluminum pipe 2.7 centimeters out^e diameter, and 14.7 
centimeters long. Several of these were made, to facilitate 
the work. At the top they were tapped to take a tapering 
brass plug, which securely fastens them to tihe remainder of 
the rotating parts, consisting of the threaded plug, a stttl 

^ Bennett: Jour. Phys. Chem,, 287 (1912)^ 
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spindle i centimeter in diameter and 15 centimeters long, 
an aluminum belt wheel, and a brass commutator ring. The 
bearings, two in number, were brass, i. 5 centimeters long, 
being lubricated by vaseline, supplied from ordinary grease 
cups. Current was taken off the commutator ring by means 
of two graphite brushes i. 2 centimeters in diameter, held in 
fiber by means of coiled springs. The device was driven from 
a one-eighth horsepower induction motor, at the rate of 
4500 revolutions per minute, although, if desired, other speeds 
could be obtained by means of different sized pulleys. 

Since aluminum is readily attacked by many of the solu¬ 
tions used, it was found necessary to protect the cathode 
by means of a coating of copper. This was readily applied in 
an acid copper sulphate bath, with a current density of 25 
amperes per square decimeter, the cathode being rotated. 
When it was desired to remove a deposit from the cathode 
this layer of copper was stripped off with the brass, and after¬ 
ward removed from the brass by filing or scraping. 

The arrangement of the apparatus is shown in Fig. 1. 
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The current for electroly^, obtained from either a 
28 volt 100 ampere hour lead battery, from the no volt 
mains, was led in through one side of the double'throw switch 
directly to the anode, and from the cathode through the 
other »de of the double-throw switch to the ammeter and 
then to the adjustable resistance. The cathode was also 
connected to the negative end of a bridge wire, and the plati¬ 
num electrode was connected through a milUammeter to the 
movable contact on the bridge This bridge was in the cir¬ 
cuit of a 6 volt Edison set, so that the single potentials were 
balanced against the drop across the bridge, and this drop 
measured by throwing the movable contact into circuit with 
a high resistance voltmeter by means of a double-throw switch 
Since only relative values that would be consistent among 
themselves were required, the objection that the voltmeter 
does not measure the actual drop at the instant of balancing 
is overcome The milUammeter was used in place of a gal¬ 
vanometer because commutation troubles at the cathode 
with high current densities would cause the galvanometer 
to go off the scale Some difficulty was encountered at the 
commutator due to thermo currents, and consequent elec¬ 
tromotive forces, but by allowing the cathode to run until 
the maximum temperature was reached at the commutator 
each time before measurements were made, that was elimina¬ 
ted 

The cell consisted of a i 5 Uter glazed porcelain bat¬ 
tery jar, and the anodes were of uniform size, 12 5 X 5 X 
o I cm The runs were made at 25 degrees centigrade. 

The potentials for copper solutions are given in Table I. 

The potentials of zinc solutions are given in Table II. 

With ciurent flowing, the potoitials represent several 
factors the potential of the cell oxygen-Solution-copper or 
oxygen-solution-zinc, the drop across the commutator, and 
the drop across the solution. The last named could have 
been eliminated only by placing the platinum wire at an 
infinitesimal distance from the cathode, where the strong 
agitation would have immediately bent it away. 
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Potentials of copper in copper salts 
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Cupric ammonium chloride cannot be used in plating 
baths because of the formation of a heavy flocculent pre¬ 
cipitate, which is doubtless cuprous chloride. Single poten¬ 
tials of this salt were measured, however, and the curve 
was plotted, in order to give some idea of the potential. The 



deposit in the case of zinc ammonium chloride was worthless, 
and the same is true of the one obtained from neutral copper 
formate. 

With copper benzene sulphonate the deposit was of a 
doubtful value, and potential measurements were impossi¬ 
ble because the platinum wire at once became covered with 
a black layer of copper when it was placed in the solution. 











4^6 C. W. Bennett and A. W. Daidson 

In all the other cases recorded, good deposits of the nwtal 
were obtained, and it was assumed that they were capable 
of further exploitation. 

In plotting these curves representing single; potential 
against current density, for the sake of simplicity, the zinc 
salts were plotted on one sheet and the copper ones upon a 
separate one, Figs. 2 and 3. 



A consideration of the curves ^ows that the pairs of 
similar form, and of comparable magnitude, are the following : 

1. Copper sulphate and zinc sulphate. 

2. Copper fluodlicate and zinc ^nzene sulphonate. 

3. Copper ben^e sulphonate and sane sulphate. 
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4. Copper fiuosilicate and zinc fluosilicate. 

5. Copper fluoride and zinc fluoride. 

6. Copper fluoride and zinc sulphate. 

7. Copper ammonium sulphate and zinc ammonium sul¬ 
phate. 

The results of the individual runs are as follows: 

It was certainly not to be expected that a brass could be 
deposited from a solution of the mixed sulphates, since it is 
the one employed in the quantitative separation of these 
metals in the determination of copper. A good deposit can¬ 
not be obtained from neutral solution; acidification intro¬ 
duces an ion whose potential is between those of the two metals, 
and hence simultaneous deposition of the metals is impossi¬ 
ble.* 

Above a current density of i ampere per square decimeter 
the curves for copper fluosilicate and zinc benzene sulphonate 
come the nearest of all to coincidence, the potentials being 
but a small fraction of a volt apart. But when one considers 
that a solution of the two salts will contain molecules of the 
four compounds, copper fluosilicate, copper benzene sul¬ 
phonate, zinc fluosilicate, and zinc benzene sulphonate, it is 
quite apparent that the metal which will be precipitated 
will be the one having the salt of the lowest single potential; 
in this case, copper from benzene sulphonate. Experiment 
showed that under all conditions of current density and con¬ 
centration, except where the copper concentration was slight 
and the zinc deposit bad, copper was deposited or else was 
accompanied by a worthless deposit of zinc. 

Copper benzene sulphonate and zinc sulphate can be dis¬ 
missed with very little comment, for copper sulphate is formed 
in the bath, and since it possesses a much lower potential 
than any of the other salts present, copper alone is deposited. 

With copper and zinc fluosilicates the potential of zinc 
is uniformly higher than that of copper, although the differ¬ 
ence is not so great as in many other instances. It was 

> Field: The Electrician, 63,632 ( 1909 )- 
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thought that by starting with a zinc solution, and running 
the cell with a copper anode, a point would finally be reached 
where the concentration of both salts would be right for the 
deposition of brass. Should such a point be reached, a brass 
anode of the desired composition could be substituted and, 
barring difficulties of corrosion, the brass should continue to 
deposit. Accordingly, a solution containing 8 percent zinc 
fluosilicate was prepared, and electrolyzed with an anode 
and cathode current density of 5 amperes per square deci¬ 
meter with a copper anode until the copper content was 
high enough to give copper at the cathode. This deposit 
was worthless, due it was thought to too high a current den¬ 
sity. A zinc anode was then substituted, and the cell run 
with a current density of one ampere per square decimeter 
until zinc began to deposit again. This procedure was car¬ 
ried out repeatedly, with current densities of from o.i to 
10 amperes per square decimeter, but in no case was a brass 
observed. The deposit, too, was worthless, tending to grow 
out in flakey masses, and to fall off. The zinc would be a 
dirty black, and the copper a sickly looking red. Addition 
of 12 percent free fluosilicic acid did not improve the de¬ 
posit. 

Just at the point where the cell seemed to change from 
depositing zinc to copper, a brass anode was put in, and 
electrolysis continued with a current density of i ampere 
per square decimd^ for three hours in order to determine 
under what coii|ditions the metals were being deposited at 
that concentradra of solution. A black incoherent deposit 
was found on the lower half of the cathode, and a bad copper 
deposit above this where the air was stirred down by the 
cathode. After the run was stopped, a mass of finely divided 
zinc settled to the bottom of the cell. This peculiar segre¬ 
gation of the deposit was imdoubtedly due to the fact that 
bad zinc and copper were being deposited together over the 
cathode, but that the color of zinc was predominant. At the 
top, where surging of air bubbles took place, the zinc was 
partly oxidized, and knocked off, leaving the c(q>per on the 
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cathode. The actual amount of copper in the solution when 
that metal would deposit was always small, because rapid 
agitation prevented excessive impoverishment. 

A few experiments made on this same solution with sta¬ 
tionary electrodes failed to show any deposit of brass. Much 
smaller current densities were used, ranging from o.i to i.o 
ampere per square decimeter. The conditions of deposition 
were very much the same as with the rotating cathode, ex¬ 
cept that a great deal more copper was required in the solu¬ 
tion before that metal would precipitate in any large per¬ 
cent. This was no doubt occasioned by impoverishment of 
copper at the cathode, which permitted slimy zinc to deposit. 

In this case the metals are too far apart in potential, 
for when the composition of the bath is right for their pre¬ 
cipitation in the ratio required for brass, none results. 

The curves for the mixed fluorides certainly do not indi¬ 
cate that a brass can be deposited from these solutions, and 
tests similar to those of the preceding instances failed to 
give any at all. 

Copper fluoride and zinc sulphate seem to give curves 
that are quite similar in form, and a number of experiments 
were made on these solutions. A brass could not be deposited 
at any current density, under any conditions of concentra¬ 
tion. This case is entirely analogous to the one of copper 
fluosilicate and zinc benzene sulphonate, in that double de¬ 
composition results in the formation of copper sulphate, 
copper fluoride, zinc sulphate, and zinc fluoride, and when 
these salts are present in the bath together, copper alone is 
deposited from the sulphate. 

The curves for the double ammonium sulphates are so 
far apart that results could not be obtained from them. 

In addition to those salts for which single potentials 
were measured, a few runs were made on molecular solutions 
of the mixed chlorides, using 5 percent sodium chloride to 
insure quantitative solution at the anode. Starting with a 
zinc solution, and using a copper anode, the latter metal 
would dissolve in the zinc chloride as cuprous chloride. 
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Various ocmcentrations of copper, up to Uie pdut where cuprous 
chloride would slime at the anode, were tried, but no brass 
was obtained, although it was possible to get the zinc and 
copper precipitating at the same time under conditions which 
were not noted, because the copper would not stick to the 
cathode, but was thrown aroimd in the solution, settling out 
after the nm was stopped. 

Hydrolysis of the zinc, with precipitation of white zinc 
hydroxide, bothered to a great extent in this solution also. 

The general nature of the deposit indicated that perhaps 
the solution was too concentrated, and another run was 
made, using a normal solution, 2 percent sodium chloride, 
and 5 percent hydrochloric acid added to drive back hy¬ 
drolysis of the zinc. Careful variation of current density 
and metal ratio failed to show any brass deposit, the charac¬ 
ter of the deposit being much the same as for the more con¬ 
centrated solution. 

A general survey of the more common salts, and those, 
cyanides excepted, which give good and indifferent deposits 
from single solutions therefore results in failure to find a satis¬ 
factory solution for depositing brass. Brasses obtained from 
the cyanide solutions are known to be unsatisfactory, from 
the physical standpoint.^ It was therefore deemed advisable 
to investigate the causes of this undesirable property, and to 
remedy it if possible. A niunber of runs was therefore made 
with cyanide solutions, the results of which follow. 

In preparing the solutions, copper or zinc sulphate in 
solution was treated with an amount of potassium cyanide 
equivalent for the formation of the ample single cyanide, 
and the precipitate filtered out and washed free from sul¬ 
phates. It was then dissolved hot by treatment with suffi¬ 
cient potassium cyanide solution to give the double cyanide 
plus one molecule of free potassium cj^affide, that amount 
being necessary in order to secure quantitative solution of 
the anode. Th«a:e is, however, the d^advantage t^t strong 


Bennett: Jour. Phys. Chem., x6, 294'({9ia). Fidd: Stecttiowni, loc. cit, 
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hydrogen evolution takes place with increasing cyanide con¬ 
centration.^ 

By preparing solutions of both potassium cuprocyanide 
and potassium zinc cyanide in this manner, and mixing them, 
it was possible to vary the metal content very easily. The 
method of “working one metal into the bath,” much used by 
practical platers, was quite frequently resorted to also. When 
a solution was depositing a brass satisfactorily, analyses were 
made for copper, zinc, and free potassium cyanide. The cop¬ 
per was determined by the usual electrolytic method of con¬ 
verting to sulphate by “fuming down” 25 cubic centimeters 
of sample with 10 cubic centimeters of concentrated sulphuric 
acid, diluting to 500 cubic centimeters, neutralizing with am¬ 
monia, then adding 10 cubic centimeters of sulphuric acid 
and electrolyzing with platinum flag anodes and rotating 
copper cathodes. Zinc was then determined from this same 
solution, by the pyrophosphate method, as modified by 
Findlay and Cummeley.^ The nickel method of Lundell,^ 
which gives free alkali cyanides in the presence of copper and 
zinc, was employed in determining free potassium cyanide. 

The brasses were analyzed by the same scheme, after 
having been dissolved in nitric acid. 

For carbon and hydrogen in the brass, an ordinary elec¬ 
tric combustion oven, heated to 900 degrees, was employed; 
using for the oxidizing agent air previously bubbled through 
2 ; 1 potassium hydroxide, and concentrated sulphuric acid. 
Water from oxidation of hydrogen was collected in concentra¬ 
ted sulphuric acid, and carbon dioxide in 2:1 potassium 
hydroxide followed by concentrated sulphuric acid. 

The samples were also polished, etched with i : 3 am¬ 
monia, and photomicrographs were taken, to get at their 
structure and general appearance. 

The procedure in the first run was to start with a molecu¬ 
lar solution of copper double cyanide, containing one mole- 

' Field; loc. cit. Spitzer: loc. cit. 

* Jour. Chem. Soc., X03, 1104 (1913). 

*Am, Eiectrochem. Soc., a$ (1914)- 
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cnle free potassitun cyanide, and to run with a zinc anode 
Until brass appeared at the cathode. The current density 
was 3 amperes per square decimeter. When the cathode 
was first examined, the deposit seemed to be nearly all zinc, 
showing that the concentration of zinc necessary to give a 
brass had been exceeded, hence a copper anode was substi¬ 
tuted and the deposit watdied more closely until the brass re¬ 
appeared. Then a brass anode, copper 70 percent, zinc 30 
percent, was put in and the cell run until a deposit one milli¬ 
meter in thickness had formed on the cathode. This brass 
was very brittle, non-homogeneous, and extremely hard, 
hence no analyses were made of it, or of the solution. 

The second run, 25 hours with a ciurrent density of 3 
amperes per square decimeter, was discontinued because the 
brass proved to be extremely brittle. 

The cyanide content in the third run was quite high, 
probably about 50 grams per liter, so that appreciable solu¬ 
tion of the cathode took place, and holes developed in the 
copper coating of the cathode which permitted the solution 
to attack the aluminum. 

The fourth run was made with a current density of 3 
amperes per square decimeter for 58 hours. 95 grams of brass 
were deposited With sui efficiency of 53 percent. The metal 
contained 71.5 percent of copper and 27.7 percent zinc; 
0.07 percent carbon, and 36 voliunes of hydrogen. The 
carbon may come from colloidal carbon precipitated with the 
metal, from occluded cyanogen, or from potassium cyanide 
mechanically enclosed in the particles. The last possibility 
is doubtle^ the case, because the odor of hydrocyanic add 
was very pronounced when the sample was dissolved. If 
the carbon be calculated in terms of potassium cyanide, it 
gives a value of 0.28 percent, and the analysis totals up 
99.65 percent. The composition of the bath was; 

I Grams par liter 

Copper 

Zinc 

Free potassium cyanide 


50.8 

7.1 

30.0 
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The metal was extremely hard and very brittle. It re¬ 
sembled in appearance and color ordinary cast brass of the 
same composition. The photomicrograph, Fig. 4, shows a 



Fig. 4 


very peculiar construction, definite crystal form e\ddently 
being entirely lacking. The structure was wartlike with 
small canals running in every direction throughout the mass. 
These may be attributed to the impurities in the metal. 

A sample, Fig. 5, was boiled for two hours in tenth nor¬ 
mal potassium hydroxide’ for the purpose of removing hydro¬ 
gen. This was much more homogeneous, the canals were 
almost entirely removed, and the crystals were much smaller. 
The tensile strength was increased somewhat by this treat¬ 
ment, but not enough to warrant physical tests. Annealing 
at this point would have undoubtedly increased the tensile 
strengths immensely, but that procedure is outside the pro¬ 
vince of this paper. 

In order to cut down the amount of hydrogen present in 
the deposit, a higher temperature was de.sirable; hence the 
next run was carried on at 80 degrees, the cell being heated 


^ Johnson: Proc. Roy. Soc., *3, 174 (1873). 
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Fig- 5 


by means of an electric hot plate. Water was added from time 
to time in order to keep the volume of the solution constant. 
The preceding solution was used, after having had its metal 
content adjusted by alternately running with zinc, then with 
copper electrodes, until the brass was of the desired composi¬ 
tion. The current density could be raised to 4.7 amperes 
at this temperature, and the deposit was obtained with higher 
efficiency. The resulting brass was extremely hard and very 
brittle, but less brittle than the preceding samples. The 
photomicrograph. Fig. 6, shows that the deposit is more 
compact, but it was not satisfactory. The hydrogen in the 
sample ran 10.2 volumes, and the carbon 0.08 percent. Thus 
heating the bath lowers the amount of hydrogen, but does not 
tend to change the amount of carbon to any marked degree. 
The metal content of the deposit was, copper, 70.4, and 
zinc, 28.7 percent. A photomicrograph, Fig. 7, taken on a 
plane perpendicular to the axis of the cathode showed marked 
striations throughout the deposit, caused by variations in the 
composition of the bath due to evaporation and subsequent 
replacement of water. Temperatme variations of plus or 
minus 5 degrees also took place, and that would diange the 
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metal ratio of the deposit. Removal of the cathode for in¬ 
spection may also have caused faults in the deposit. 




Fig. 6 Fig. 7 

In order to ascertain to some extent the effects of concen¬ 
tration in the next run, the concentration of the components 
of the bath was reduced, and after the usual thickness of 
brass was deposited, analysis showed the following composi¬ 
tion of the bath; 


Grams per liter 

Copper 25.8 

Zinc 3.4 

Free potassium cyanide 36.0 

This is what one would predict in a cell where rapid cir¬ 

culation of the electrolyte is being maintained, since increas¬ 
ing the amount of free cyanide increases the potential of 
copper more than that of zinc,' and as the potentials become 
farther and farther apart, the concentration of the more 
noble metal must decrease faster than that of the less noble 
one. The presence of carbon and cyanogen in the samples, 
leads to the supposition that these impurities come from the 
free potassium cyanide in the solution. The presence of this 
substance serves two purposes: first, it insures quantitative 
solution of the anode; and second, it brings the decomposition 
potentials of copper and zinc nearer together. These two 


* Thompson: loc. cit. Spitzer: loc. cil. 
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results can be accomplished in a slightly different way, and it 
was decided to eliminate the free cyanide to see if some of 
the bad effects could not be eliminated. The solution of the 
anode can be forced by the addition of a small amount of a 
soluble chloride or a sulphate, for instance, sodium chloride 
or sodium sulphate. Consequently, the decomposition poten¬ 
tials of the two metals may be more or less taken care of by 
concentration differences; that is, the concentration of the 
one salt can be made very low, while the concentration of 
the other one is relatively high. It was therefore decided 
to make an experiment with practically no free cyanide in the 
solution in which sodium chloride was added to ensure the 
solution of the anode. 

With the free potassium cyanide content refiuced to a 
minimum, and with i per cent sodium chloride in the solu¬ 
tion, a bath, whose metal composition was not determined, 
gives a brass at current densities as high as 5 amperes per 
square decimeter, when run at 25 degrees, but the deposit is 
just as brittle as before. If the temperatiu'e be raised to 
So degrees, cuprous chloride gradually forms, and the deposit 
consists largely of slimy zinc. 

When I percent sodium sulphate is added to a solution 
of the double cyanides containing no free cyanide, the anode 
dissolves satisfactorily, but the deposit is quite analogous to 
those obtained in the previous instances. Analysis of a bath 
which had been depositing brass for some time showed approx¬ 
imately 30 grams of copper and 20 grams of zinc per liter. 
After this cell had been running for some hours, the deposit 
at the top of the cathode became high in zinc, while that 
lower down was normal. This was caused by oxidation, 
for when the cell was run with illuminating gas above the solu¬ 
tion, brass was deposited throughout the entire immersed 
area. 

The usual brass plate that is applied to objects in a sta¬ 
tionary bath, or by the “barrel method,” conforms to the 
trade requirements of hardness and beauty, so that it is an 
admirable protecting agent. It is possible to give , it a very 
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high polish, but its hardness must not be confused with true 
tensile strength. If one allows a stationary deposit to build 
up until a thickness of several millimeters be attained, and 
then strips it off the cathode, it is found that it can be broken 
with very little exertion, and it seems that the physical struc¬ 
ture and properties of such a deposit are very analogous to 
those of the brasses described in this paper, and that the very 
low tensile strengths are due to the same occluded impuri¬ 
ties. Some runs in stationary baths show that a good brass 
may be deposited from a solution containing 130 grams 
potassium copper cyanide, 44 grams potassium zinc cyanide, 
and 65 grams of free potassium cyanide per liter. This corre¬ 
sponds to an approximate metal content of copper 53 and 
zinc 12 grams per liter. It is interesting to note the differ¬ 
ence in the metal ratio in a bath which will give a good brass 
in a stationary solution, and that in a bath whose cathode 
is rotating at the rate of 4500 revolutions per minute. The 
free cyanide content is practically the same in both cases. 


Copper 

Zinc 

Ratio: copper to zinc 


Grams per liter 


Stationary Rotating 


53 O 50.8 

JI.5 7.1 

I : 0.22 1 : o. 14 


This, is accounted for by the fact that in the presence 
of free cyanide the electromotive force of copper is greater 
than that of zinc' and therefore zinc tends to deposit first. 
In the stationary cell, impoverishment of zinc at the cathode 
brings that metal content down to a value at which copper 
and zinc can be deposited simultaneously in the proportion 
required. The zinc content at the cathode is lower than 
that out in the body of the solution. With the rotating 
electrode, where impoverishment is prevented by rapid stir¬ 
ring, the concentration at the cathode is practically the same 


‘ lliompaon: Proc. Roy. Soc., 4a, 387 (1887). 
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as that throughout the whole solution. Consequently, the 
ratio of zinc to copper is necessarily lower than in the former 
case. 

If this be true, there must be some limiting speed of the 
cathode above which brass will not deposit from a solution 
that will give it, in an unstirred bath. To test this, the solu¬ 
tion just described for use in an unstirred bath was used, 
and a current density of i ampere per square decimeter main¬ 
tained, while the speed of the cathode was varied. 

The results are as follows: 


Speed of cathode 

Character of deposit 

0 

The usual stationary brass 

500 

No apparent change 

lOOO 

Still no apparent change 

1500 : 

The brass still is excellent 

2000 

1 Yellow brass depositing 

2500 ! 

Deposit extremely high in zinc 


Thus the speed 2000 gives to the solution sufficient 
agitation practically to nullify impoverishment of zinc for 
this particular cxurent density, i ampere i)er.square deci¬ 
meter, and the piuity of the zinc deposit becomes nearer and 
nearer to 100 percent as the speed of rotation is increased 
above that point. 

In conclusion, therefore, it may be said that 

1. Measurements have been made of the vdtages re¬ 
quired to deposit copper and zinc from a number of solu¬ 
tions, with rotating cathodes, the voltages being measured 
against an oxygen electrode. 

2. Those solutions giving similar curves have been 
studied with a view to obtaining a good deposit of brass. 

3. A brass was not obtained in any case, except from 
the cyanide solution. 

4. The deposition of brass from cyanide solution is proba¬ 
bly due to two factOTs: first, the tendency for the potentials 
of copper and zinc to becmne the same in the cyanide solu- 
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tion, and second, the increase in the potential of the more 
noble metal, by impoverishment. 

5. The latter factor is practically - eliminated by using 
the rapidly rotating cathode. 

6. A satisfactory brass has not been deposited from the 
cyanide solution on the rotating cathode. 

7. The brittleness of the alloy is probably due to occluded 
impurities. Hydrogen was removed from the alloy by heat¬ 
ing in alkali. 

8. The disturbing factor probably arises from the cyanide 
itself, which it seems impossible to eliminate. 

9. The effect of impoverishment has been shown, by 
showing that a brass may be obtained up to a limiting speed 
of rotation of the cathode, beyond which zinc alone is deposited. 

10. The metal ratio of copper to zinc in solutions for the 
deposition of a brass varies, not only with variations of free 
cyanide, but also with the rate of rotation of the cathode. 

Electrochemical Laboratory 
Cornell University 



THE ELECTROMOTIVE BEHAVIOR OE SOLUBLE 

SULFIDES 

BY ROGBR C. WB 1 ,LS* 

One of the most characteristic properties of soluble 
sulfides, aside from their ability to form insoluble precipitates 
with many metals, is their reducing power. This is shown in 
the familiar reactions with ferric salts, chromates, ferri- 
cyanides, the halogens, nitro groups, nitric acid, and even 
sulfuric acid. If we consider this property to be essentially 
a property of sulfide ions the reduction of a ferric salt, for 
example, may be indicated by the equation 

2pe+ + + + S“' = 2Fe++ + S 

According to this equation the sulfide ions give up their 
negative charges while an equal number of positive charges 
are neutralized; free sulfur remains; no other ions appear to be 
directly concerned with the reducing action. The tendency 
of sulfide ions to give up their charges may also be shown 
by the production of an electric current when any unat- 
tackable conductor, such as platinum, is Immersed in a soluble 
sulfide and properly Connected to some other half cell such as 
the calomel electrode, yielding a cell combining two single 
potentials of this sort. 

Hg I HgCl 1 N/i KCl 1 Soluble sulfide 1 Pt 

The single potentials created by soluble sulfides under these 
circumstances may be designated sulfide potentials and the 
experiments to be described consisted in measurements of such 
potentials. 

The single values were obtained by assigning the value 
0.56 to the calomel electrode and neglecting diffusion potentials. 
Some of these values are shown in Table I, the positive agn 
indicating that the platinum was positive to the solution. 

‘ Published by pertnisi^ of the Pirector of the United States OeCiloj^ 
Survey. 
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Table I 

Potentials of soluble sulfides 


Solution in half cell 


Sulfide potential 


I mole HCl per liter saturated with HaS I 
I mole acetic acid saturated with HaS j 
KCl saturated with HaS 
I mole NaSH 
I mole NaaS 


+0.40 
+0.29 
+0.20 
—o. 14 
—0.27 


Previous Work 


In his measurements on oxidation cells Bancroft, in 1890, 
made a determination of the potential of a fifth molal solu¬ 
tion of NaaS, which by reference to a normal calomel electrode 
would yield the single potential —0.091.* This value does 
not fit in very well with my measurements. While studying 
the behavior of polysulfides Kiister* obtained the value 
—0.239 for a normal solution of NaaS with which my measure¬ 
ments agree to a few centivolts. Only a few other data, and 
these largely of an incidental character, have come to my 
attention.* In addition to the important contributions of 
Kuster, however, there is one other suggestive paper by I. 
Bernfeld* in which it is shown that under certain conditions 
the sulfide potential observed can be calculated from the 
partial pressure of hydrogen sulfide in equilibrium with the 
solution used in the half-cell. 

Chemistry of the Sulfide Electrode 

It will be observed from Table I that when the sulfide 
electrode is coupled with the calomel electrode the potential 
of which is 0.56 volt, the current in every case tends to flow 
in a direction to make the platinum an anode, and hence to 


' Bancroft; Ueber Oxydationsketten, Zeit. phys. Chera., 10,387 (1892): 
cf. Neumann; Ueber das Potential dea Wasserstolfs und einiger Metalle, Ibid., 
14, 228 (1894). 

• Zeit. anorg. Chem., 44, 445 (1905). 

•Hittorf; Zeit. phys. Chem., 10, 612 (1892). Two observations yielded 
—o.io and —0.04 for 2.77 N KSH. 

* Bemfeld; "Studien uber Schwefelmetalleleklroden,” Zeit. phys. Chem., 
aSf 46 (i897)- 
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reduce mercurous ions to mercury. In other words the- 
sulfide ions give up their negative changes, leaving free sulfur. 
This appears to be the primary action. When a feeble current 
(o.i milliampere) was passed into a solution of hydrogen 
sulfide through a platinum anode a white doud of sulfur was 
observed forming on the platinum and in the solution near the 
platinum; when sodium hydrosulfide or sodium sulfide was 
employed, however, sulfiu* was not a visible product nor was 
any gas evolved but after a time the solution turned yellow, 
indicating the formation of a polysulfide. The formation of a 
polysulfide may be considered a secondary effect due to the 
solution of sulfur freed by the current in the sodium hydroxide 
present, or it may be that polysulfide ions are an oxidation 
product of sulfide ions. Since polysulfides are not sta^^ in 
add solution we may postpone a consideration of them while 
we consider certain rdations in add solutions. 

Let us consider the reversibility of the sulfide eiectrode. 
The spontaneous process sets sulfur we. The reverse process 
therefore appears to demand that sulfur should ionize. Several 
experiments were made to see if free sulfur uiider any circum¬ 
stances in contact with platinum could be made to ionize. 
A platinumvelectrode coated with sulfur was allowed to stand 
in normal potassium chloride in a closed half-cell for a long 
period. The effect was in the (%^ection expected but it would 
have required several weefc8i.^*reach a correct sulfide potential 
in that way, if it ever could be reached. A similar electrcide 
in caustic soda gave low values in the course of two days but 
as it is well known that sulfur dissolves in alkali hydroxides 
at an appreciable speed the production of a low potential 
in this way may be regarded wholly as a “chemical” action 
and the electromotive effect secondary. The expetiments 
were therefore inconclusive as to whether the platinum astisted 
the ionization of the sulftir at all. 

Effect of HydPOffen 

On the other hand, if a current is passed in a direction to 
make the platinum a cathode hydrogen is probably set free 
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under ordinary circumstances. Even if it is not visibly 
evolved it is probably dissolved somewhat by the platinum 
or it may combine with sulfur to form hydrogen sulfide. No 
difficulty was ever experienced, using a Eippman electrometer, 
in approaching the point of balance from either direction 
although I preferred to approach it from the side to set sulfur 
free. The object of this procedure was to have the solution 
satmated with sulfur. 

Tablb II 


Effect of hydrogen in platinized electrodes used in sulphide solutions 


Electrode 


Time 


Cell 

Hg+ 


Platinum - 


Remarks 


A freshly platinized 1 
electrode, soaked an 1 
hour in hot water, 

1.23 

0.12 

then touching N/i : 
NaOH in bottle 

1.32 

0.13 

H2 turned on | 

1-37 

1.06 

! 

1.40 

1.07 

; 

3 07 

1.07 

Electrode now ! 

4.00 

0.96 

touched to colorless 

4.02 

0.90 

N/i NaavS 

4.07 

0.88 

; 

5.00 

next day, 

0.86 

1 

j 

9.00 

0.88 

Smooth electrode 

10.00 

0.80 


10.30 

0.79 


II .00 

0.80 


+0.44 


+ 0-43 


An oxygen value 


—0.50 

—0.51 
—0.51 
—0.40 
—0.36 
—0.32 
—0,30 


Correct hydro¬ 
gen value 

A variable inter¬ 
mediate value 


--0.32 j 

—0.24 I Correct sulfide 
—0.23 potential 

—0.24 


Ordinary hydrogen sulfide made from commercial ferrous 
sulfide contains considerable hydrogen. A number of experi¬ 
ments were therefore made to find out if hydrogen could cause 
an error in the determination of sulfide potentials. It was 
found that hydrogen might easily cause an error in acid 
solutions where the concentration of sulfide ion is small but 
that it was of doubtful influence iij alkaline solutions con¬ 
taining a high concentration of sulfide. In fact it seemed of 
assistance in the alkaline solutions in preventing oxidation. 
It is generally assumed that smooth electrodes are best for 
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measuring most oxidation potentials but tbat platinized 
electrodes are desirable for hydrogen, iodine, bromine and 
chlorine electrodes. I was therefore somewhat surprised to 
find that hydrogen showed its effect rather quickly even with 
smooth electrodes in add solution, whereas in the alkaline 
sulfide solutions I found it impossible to obtain correct hy¬ 
drogen potentials even with well-platinized electrodes. The 
variability of a platinized electrode in sodium sulfide is shown 
in Table II. 

When an error from hydrogen was feared pure hydrogen 
sulfide , was employed instead, prepared from alkali sulfide and 
hydrochloric acid and washed with sodium hydrosulfide. 

Relation between Concentration and Potential 

In seeking for a mathematical elucidation of sulfide 
potentials we may assume the process at the electrode, at 
least in one direction, to be 

S— + 20 (i) 

which would yield as the most general expression possible 
for the potential 

• E = 2:9.59 log (2) 

in which the bracketed symbols stand for concentrations. 

We are tmcertain about the number of atoms in a mole¬ 
cule of sulfur but it is obvious that the proper equation would 
yield the same value of Eo whatever the complexity of the 
sulfur molecule. Further, we know that the concentration 
of free sulfur soluble in water is exceedingly snudl, so small 
that a very small current must suffice to liberate enough to 
form a saturated solution. If we take the cmicentration of 
free sulfur in a saturated .solution to be constant and part 
of Eo the only remaining variable is- the concentration of 
sulfide ions. Let us calculate values of Eo therefore from 
sulfide ion concentrations so far as they are known. 

Fortunately the sulfide ion cooceatrations of the salts 
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concerned have already been deduced by Knox.* 
essential equation is 

re— *1 „ *•* X lO-** 

I® J [H+l* 


The 


( 3 ) 


an expression giving the sulfide ion concentration for any 
solution whose hydrogen ion concentration is known. Table 
III gives the sulfide, ion molality of the solutions investi¬ 
gated, the potential observed, the value of Eo calculated by 
equation (2) taking the concentration of free sulfur as unity 
and also the value of E calculated from the mean value of 
Eo. 

Table III 


Solution 

Sulphide ion 
concentration 

E. 

; calculated 

E 

observed i 

.. j 

E calc, 
from Eo 

I mole HCl + US 

i.l X io““ 

- 0.27 

+0.40 ' 

+0.41 

I mole acetic acid + H2S 

0.6 X 

- 0.24 

1 +0.29 1 

+0.27 

I mole KCl + H2S 

1.2 X 

! -“- 0.23 

1 +0.20 1 

+0.17 

I mole NaSH 

3«.6 X iO“" 

1 — 0.27 

i —0.14 i 

—0.13 

1 mole Na2S 

0.09 

! -"--0.30 

1 —0.27 i 

1 

—0.23 


mean —0.26 


There is fair approach to constancy in the values of Eo- 
Equation (2) is therefore significant in view of the enormous 
range of the sulfide ion concentration and appears to be ap¬ 
plicable to the determination of sulfide ion concentrations 
under some conditions. Of the values in Table III, those for 
NaSH and Na^S are the least certain and the behavior of these 
two salts must therefore be considered further. 

Ppeparation of Sodium Hydrosulflde 

Kfister and Heberlein* recommend metallic sodium as 
the best substance with which to start if for any reason sodium 
hydroxide will not suffice. If it is desired to avoid all oxidized 
products it is advisable to pass a orcrent of hydrogen through 

‘ J. Knox: **K Study of the Sulfur Anion and of Complex Sulfur Anions.” 
Trans. Faraday Soc., 4, 47 (190S). 

^ Kdster and Heberlein: Zeit. anorg. Chem., 3, 55 (1905)* 
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the sodium hydroxide before introducing hydrogen sulfide, 
at the same time having a piece of platinum in the bottle to 
make the hydrogen more effective through electrolytic action. 
The saturation of sodium hydroxide ^th HjS yields a solution 
containing a considerable excess of H2S. Part of this excess 
may be removed from a solution as concentrated as normal by 
bubbling a stream of hydrogen through it for some hours. 
Since both Na^S and NaSH 3deld an alkaline reaction the 
neutral point is passed while there is still a slight excess of 
HjS. The changes in the solution from the first introduction 
of HaS to saturation and expulsion of excess may be followed 
with advantage by potential measurements. The results of one 
experiment in which the excess of H2S in normal NaSH was neu¬ 
tralized by adding NaOH from a burette are shown in Fig. i. 



It is evidently impossible to depide from the figure just 
what is the proper potential for NaSH. The value —0.14 
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was chosen before the relations described above were worked 
out, but was omitted in deriving the average for Eo- The 
potential calculated for NaSH by equation (2) is —0.13. 

Behavior of Sodium Sulfide 

It is rather difficult to obtain potentials corresponding 
to pure NajS solutions. Equation (2) suggests that this 
variability may be due to an uncertain concentration of free 
sulfur. In action an electrode bathed by NasS may generate 
polysulfide and there is not the same limitation set by the 
saturation with sulfur as appears to obtain in acid solutions. 
Moreover, it has been found that polysulfides are reduced 
by the reverse current instead of hydrogen being set free. 
Solutions containing polysulfides therefore give very definite 
potentials and their behavior is somewhat like that of ferro- 
ferricyanide mixtures. It was found, however, that the 
potential varies considerably with the dilution, depending 
on the amount of polysulfide present. These results are shown 
graphically in Fig. 2. 



Eig 2 
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A little calculation shows that the behavior of the satu* 
rated polysulfides, Na^S., on dilution is more in harmony 
with equation (2) than that of the other solutions. Many 
attempts were made to express the behavior of the other 
solutions by an equation involving only two molecular species, 
like ferro-ferricyanide mixtures, but without complete success. 
Doubtless there are more than two molecular species possible. 
It appears, however, that there is some basis for neglecting 
the species Na2S2 and Na^Ss, and considering such solutions 
to be chiefly mixtures of NaiS and Na8S4. The grounds for 
this will be somewhat evident from a consideration of Fig. 3 
in which are shown the changes in potential as the composition 
of the solution is varied from NajS to Na^S*. 





X 


s 



7 










Fig 3 


A/as<3i4 


Starting with pure Na2S we may assume that the first 
oxidation product is disulfide according to the reaction 

2 S— ^ (Si)— + 20 ( 4 ) 

We should then have a relation for the oxidation-re¬ 
duction potential like 

E 


E,-s^iog)£i’ 


r^i 


2 


(5) 
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A test of this equation was made by resolving solutions 
of compositions between Na2S and NasS2 into , the proper 
mixtures of the two species and assuming the ionic concentra¬ 
tions to be proportional to the molal. Suffice it to say that 
the equation did not yield a constant value of Eo. In fact 
the shape of the potential curve suggests that the second 
species must be more complex than Na2S2. Apparently an 
excess of sulfur forms at once a higher polysulfide than Na2S2. 
The nearest approach to a uniform slope in the curve falls 
between NajSs and NaaSs indicating that if Na^S is one member 
the other is nearly as complex as Na^Sj. The electrical 
oxidation would then be 


4S- = (S,)-- + 60 

giving for the potential the expression 

E = Eo 


1 [S-V 

6 


( 6 ) 


(7) 


IV. 


An evaluation of Eo by this equation is shown in Table 


Table IV 


Composition, 
X in N'dSx 


Formal concentrations of 
Na2S Na2S4 


Potential 

observed 


Ko calculated 
by (7) 


1.50 

0.83 

1-75 

0-75 

2.00 

0.67 

2.25 

0.58 

2.50 

0,50 

2.75 

0.42 

3.00 

0-33 

3.25 

0.25 

350 1 

0.17 


o. 17 
0.25 

0.33 

0,42 

0.50 

0.58 

0.67 

0.75 

0.83 


—0.220 
—0.212 
—0.206 
—0.201 
--0.197 
—o.192 
-~o.i88 
—o.183 
—0.175 


—0.215 
—0.211 
—o.208 
—0,207 
—0.206 
—0.205 
—0.205 
—0.205 
—0.204 


It will be seen on referring to the table that equation 
(7) gives a fairly constant value of Eo from Na2S2 to Na2S3. 
No equation as complicated as this has to my knowledge been 
applied to potential measurements before, although Fredeu- 
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hagen suggested such equations.' An equation correspcmd- 
ing to the intermediate possibility, namely, 

3S = (Ss) + 4^ 

was found less satisfactory than equation (7). 

The conclusions from the preceding discussion are then as 
•follows: The electromotive behavior of the polysulfides 
resembles that of other oxidation-reduction potentials in a 
general way. Although it is impossible to account for the 
behavior without assuming that several species are present 
in a rather complicated equilibrium it appears unnecessary 
to consider NaaS2 one of them or possibly even Na^Ss. The 
potentials may be calculated as if they depended on the 
relative concentrations of the two species NajS and Na2S4 
for the range from NajsSs to NajSs. On reaching a com¬ 
position near Na2S4 a rapid shift to a much higher sulfide is 
suggested. The excess sulfur is of course presumed to form 
complex anions. 

On the other hand, in solutions which are easily saturated 
with sulfur the simple equation 

E = —0.26—0.029 log [S' ] 

appears to express the electromotive behavior of soluble sul¬ 
fides very well. 

WashingUm, D. C. 

April, 10X4 

^ C. Fredenhagen: *‘Zur Thcorie der Oxydations- und Reductions-ketten/' 
Zeit. anorg. Chem., 29, 444 (1902). 



THE PHOTOCHEMICAL DECOMPOSITION OF HY¬ 
DROGEN PEROXIDE. II 

J. HOWARD MATHEWS AND HARRY A. CURTIS 

Introduction 

The decomposition of hydrogen peroxide by light is a 
reaction which is extraordinarily sensitive to the influence of 
catalysts, both positive and negative. Our first paper on the 
photolysis of hydrogen peroxide* discussed the inhibition of 
the photo-reaction by sulphuric acid, sodium chloride, acetani¬ 
lide, calcium hydroxide, sodium hydroxide and barium hy¬ 
droxide. It was pointed out that the same catalysts act 
differently toward the thermal and the light decomposition 
of hydrogen peroxide. For example, sodium hydroxide, 
which greatly increases the rate of decomposition at 8o°, 
acts as a preservative in the photo-reaction; calcium hydroxide, 
which has no effect on the thermal decomposition, inhibits 
the photolysis. On the other hand, sulphuric acid and acet¬ 
anilide inhibit both the thermal and the photo-decompositions. 

We have extended the investigation of the catalysis of 
the photo-reaction to a number of other catalysts with the 
results indicated below. 

Experimental Methods and Data 

The apparatus used to study the catalysis of the photo¬ 
reaction was the same as described in our first paper,* and wc 
also used the same methods of preparing the peroxide solution 
and of following the course of the reaction. 

In the graphs shown below, curves marked I represent, 
in every case, the course of the reaction before adding the 
catalyst, and curves marked II, the course of the reaction 
after adding the catalyst. The sudden break between curves 
I and II represents the dilution effect of adding the catalyst, 
as we have previously shown. 


‘Jour. Phys. Chetn., i8, 166 (1914). 
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Effect of Urea 

Urea ie ixdthout appreciable effect cm the reacticm. Table 
I and Fig. i show the course of the reaction. The amount 
of urea added was such as to make the whole solution 0.05 
percent. 


Table I 


Time in minutes 

Percent H^Oa 

j[ Time in minutes 

Percent HjOa 

0 

7 03 

i' 

1: 

6.38 

33 

6.90 

1 167 

6.29 

62 

6.81 

> 193 

6.20 

93 

6.68 

215 

6.11 

121 

Added urea at 

134 

i 6.57 

*: 235 

6.05 

i 

1 


7/1 


€M 


cS* ' 


6.^ 


6 ./ 

sS9 




cm 

rr 

\cf c 

i— 

If Ui 

ea 
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Timm in Minutes 

Fig. I 


240 


Effect of Acetic Acid 

Acetic add acts as a mild preservative. 
Fig. 2 refer to acetic add. 


Table II and 
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_ Tab le II_ _ 

Time in minutes Percent H2O2 j Time in minutes' Percent H2O2 

O 7.04 ; I17 6.47 

41 6.88 i 142 6.44 

70 6.77 ! 169 6.39 

102 6,63 j 203 6.30 

Added acetic acid at 250 6.24 

110 1 'i 



Time in Minutee 

Fig. 3 

Effeet of Borle Acid 

Boric acid has no effect on the reaction, as Table III and 
Fig. 3 show. The amount of boric acid added was such as to 
make the whole solution 0.044 percent. 

TabIv E II I _ 

Time in minutes Percent HtOi :j Time in minutes Percent HtOi 

o 4.61 120 4.24 

38 451 4-16 

71 4.43 187 4.06 

97 4-36 221 3.97 

Added the boric add at i j 

106 'I 
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Fig. 3 

Effect of Tartaric Acid 

Tartaric add is a mild preservative. In this experiment 
the acid was added in the solid form, and the dilution effect 
is therefore absent in Fig. 4. The amount of add added was 
such as to make the whole solution 0.096 percent. 

Table IV 

Time in minutes | Percent HjOj Time in minutes Percent H|Oj 

O’ 4.53 120 4.26 

38 4.43 163 4’225 

76 4-35 199 4-20 

106 4.27 

Added tartaric add at 
112 



77m# in MinutM 

Fig. 4 ' 
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Effect of Phosphoric Acid 

The effect of phosphoric acid is similar to that of acetic 
add and of tartaric add, inhibiting the reaction. The amount 
of acid added was such as to make the whole solution 0.152 
percent. 

Table V 

... *’ "I 

Time in minutes Percent H2O2 Time in minutes Percent H2O2 


0 

4-425 1 

80 

I 4.21 

29 i 

4-34 1 

no 

t 4.16 

59 

4.26 f 

139 

4 * 13 

Added phosphoric acid at, 

1 

1 

I7I 

4.10 


69 



7»w« in Minutes 

Fig. 5 


Effect of Benzoic Acid 

This add is an excellent preservative. Table VI and 
Fig. 6 show the effect of benzoic add on the photolysis. 

Table VI 

Time in minutes Percent H2OJ f Time in minutes, Percent HjO> 


0 

332 

156 

! 3 04 

29 

■ 3-27 

187 

3 01 

69 

; 3-20 

i 217 

3.02 

109 

3-14 

247 

301 


I31 309 

Added benzoic add at , 

146 i 
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Timm m Minutmm 
Fig. 6 

Effect of Bartom Chloride 


The addition of this salt has no effect on the rate of the 
photolysis, as Table VII and Fig. 7 show. The amount of 
barium chloride added was such as to make the whole solution 
0.037 percent. 

Tablb VII 



Effect of Barium Nitrate 

Barium nitrate increases the rate of decompo^on. 
This is a striking fact in view of the strong preserving action 










Photochemical Decomposition of Hydrog^ Peroxide 527 

of barium hydroxide and the zero effect of barium chloride. 
Table VIII and Fig. 8 present the results for barium nitrate. 
The amotmt of salt added was such as to make the whole 
solution 0.037 percent. 

_ _ Table VIII 

Time in minutes i Percent HjO: !' Time in minutes Percent HiOt 

I !i 


0 

3-77 I 

109 

i 3-49 

41 

3.69 i 

147 

i 3 38 

80 

3.62 1 

190 

; 3-26 


Added Ba(NO,), at j 

91 I I 



Time in Minutee 

Fig. 8 

Effect of Potassium Chloride 

Potassium chloride, like sodium chloride, very slightly 
decreases the rate of photolysis. It will be seen in Table IX 
aind Fig. 9 that for some time after the catalyst was added 
the rate of decomposition remained unchanged and then began 
to fall off very slowly. The amount of the salt added was 
such as to make the whole solution 0.023 percent. 

Table IX 


Time in minutes 

1 

j 

Percent H1O2 

Time in minutes j 

Percent HjOg 

0 


3.68 

119 

340 

38 


360 

154 

3 32 

78 


3 52 

1 189 

3.24 

Added KCI at 



227 

3.18 

92 



245 

3-»5 
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Timm in Minutms 

Fig. 9 

Effeet of Sodium Chloride 

We have previously shown that sodium chloride lightly 
decreases the rate of photolysis of peroxide. Aftw: noting 
the lag in the inhibiting effect of potassium chloride, we 
repeated the experiment with sodium chloride, uang a o.oir 
percent solution instead of the 0.05 percent solution used be¬ 
fore, and also cutting down the light intensity to that used 
in the potassium chloride experiment. Under these condi-' 
tions we found the same 1^ in the inhibiting effect of sodium 
chloride. Table X and Fig. 10 present the results of this 
experiment. 

Table X 


! 

Time in minutes 

Percent HjOj j Time in minutes i Percent HaOs 

0 

3-57 , 94 i 3-27 

39 

3-47 130 1 3-17 

74 

3-375 159 i 3.13 

Added NaCI at 

1 189 1 3 07 

83 i 

i 218 1 3-02 



Fig, 
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Effect of Acetamide 

As acetanilide has such a strong inhibiting action, acet¬ 
amide naturally suggested itself as another possible catalyst. 
This substance has, however, practically no effect on the rate 
of photolysis, as Table XI and Fig. ii show. The amount 
of acetamide added was such as to make the whole solution 
0.037 percent. 

Table XI 


Time in minutes i Percent H,Oj Time in minutes Percent HsOj 


0 i 

3-39 

104 

1 309 

35 ' 

3-31 

139 

! 3 00 

72 

322 

172 

2.94 

Added acetamide at 

80 


206 

2 86 






20 



IB 

tet ( 


tfa/Ti 

ide 

















90 ISO m 

Time in Minutes 


Fig. II 


Effect of Potassium Nitrate 

Potassium nitrate has at first no effect on the reaction, 
but after it has been present for some time begins to inhibit 
the photolysis slightly, resembling in this behavior the action 
of sodium and potassium chlorides. In Table XII and Fig. 
12 are given the results for potassium nitrate. The amount 
of nitrate added was such as to make the whole solution 
0.031 percent. 
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m TABtfi XII 


Time m minutes 

! Percent HgO* 

It 

Time m mmutes 

Percent HjOt 

0 

1 3-34 

114 

3.00 

31 

3 35 

149 

2.91 

65 

1 3 18 

184 

2 87 

98 

3 09 

197 

2 8s 

Added EMOs at 

1 

227 

2 81 

105 

1 ^ 





Fig 12 

Relation between the Amount of the Catalyst Added and 
the Magnitade of Effect Produced 

The effect produced by a catalyst on the photolysis of 
hydrogen peroxide is not directly proportional to the amount 
of the catalysts used. We have tried sulphuric add of four 
concentrations approximating very closdy the ratios 
I lo . loo : 200.* Table XIII and Fig 13 show the effect 
of sulphuric add 0000175 ^ > Table XIV and Fig 14 of sul¬ 
phuric acid 000176 N, Table XV and Fig. 15 of sulphuric 

Tablb XIIl 


Time m minutes Fercent HiO« 


Time m minutes Percent H 2 O 2 

O 4.90 

35 4 81 

62 4 74 

89 I 4 <^8 

Add added at 98 | 

Cone. 0.000175 N 1 


the vtdume of tii« peroxide s<diiitloa at tlie tone of adding the add WM not the 
same in eadi ease 


. 

”7 

■4 

5 * 

143 1 


50 

171 

' 4 

45 

205 j 

4 

39 

229 

4 

1 

34 

exactly of ratios, but 
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Time in Minutes 

Fig. 13 

add 0.0176 N] and Table XVI and Fig. 16 of sulphuric acid 
0.0349 N. 

Table XIV 


Time in minutes 

Percent H 20 » 

Time in minutes 

Percent HjOs 

0 

5-21 

85 

4.90 

22 

513 

106 

4.86 

42 

5 07 

130 

4.86 

63 

5.00 

153 

4-83 

Add added at 


176 

4.80 

72 

1 

1 

199 

4.78 

Cone. 0.00176 N 


224 j 

4-77 



Time in Minutes 

Fig. *4 . 
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Tablb XV 


Time in minutes Percent HiOi Time in minutes | Percent HiOi 



Time in minutes 


o 

36 

7 * 

119 

Added add at 
138 

Cone. 0.0349 H 


Percent HiOi Time in minutes I Percent HiO: 


•74 

.725 

.69 

4.68 
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The ratio of the slope of Curve II to that of Curve I will, 
in each case, give us a measure of the effect of the acid, since 
for concentrations of peroxide such as used in these experi¬ 
ments the rate of the decomposition is practically linear. 

These ratios are as follows: for 0.000175 N acid, 0.76, 
i. e., the rate after adding the acid was about 76 percent of 
the rate before adding the add; for 0.00176 N acid, 0.30; for 
0.0176 N acid, 0.20; for 0.0349 N add, 0.22. 

It will be seen that the two higher concentrations of add 
have practically the same effect; the effect is a little less for 
the 0.0176 N acid, and very much less for the most dilute 
of the four. Judging from these results, which are, perhaps, 
not extensive enough to be conclusive, it appears that while 
the magnitude of the catalytic effect varies in the same direc¬ 
tion as the concentration, the two are by no means directly 
proportional. And further, that above a certain concentra¬ 
tion, the catalytic effect becomes nearly constant. 

We have noted the same behavior in the case of the 
catalysis by means of sodium chloride. After changing the 
rate of the photolysis by adding 0.006 gram of salt, the further 
addition of 0.5 gram had no effect on the rate of decomposition. 

Th« Absorption of Light by Hydrogen Peroxide Solutions 

We have attempted to find a relationship between the 
change of light absorption in the peroxide solution upon adding 
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the catalyst and the effect produced. The change is tco 
small to be measured with any certainty by the SUibens* linear 
thermopile. The jffiotograpMc method used by Henri* was 
also tried. The r^ults showed qualithtivdy that the ab¬ 
sorption is very slightly increased by adding the catalyst, 
but threw no light upon the specific nature of catal3rtic dffect. 

Henri and Wurmser have noted’ that the addition of 
an alkali to a peroxide solution increases its absorption in the 
ultraviolet, but found no connectiou between the absorption 
and the nature of the catal}rst. It might be expected that 
such an increase in abs(nption would increase the rate of de- 
compositimi, rather than decrease it as is actually the case. 

The Surface Tension of Hydrogen Peroxide Solutions 

W. Spring’ has shown that the surface tension of pure 
hydrogen peroxide is only about 45 percent that of pure water 
at 10°, and that it increases very rapidly as water is added. 
Our own measurements indicate that the siuface tension of a 
5 percent scdution of peroxide is slightly less than that of 
pure water. The change in stniace tension of a hydrogen 
peroxide solution on adding a small amount of add or of 
alkali is exceedingly small. We at first attempted to detect 
a difference using a stalagmometer. While t^ instrument 
would show the difference between the surface tension of pure 
water and peroxide solution it would not detect any change 
when a small amount of add was added to the peroxide.’ 

On applying the capillary tube method, and reading the 
hdghts of the column in the capillary withanexcellentcathetom- 
eter, we found that a trace of sulphuric add wmdd lower 
the surface tension slightly. A trace of alkali had but little 
effect, while a larger amount would very Slightly increase 
the surface tensicni. 

‘ Pbyt Zeh., *4. 5>S (tap). 

* CompiatB temhu, igy, aSs (191s). 

' ZtsL matg. Cheat,, 8,494 (xSas). 

* Itic iua»gawiiaetfirs at have a eapaiSty «l diSy Stwut 44 anaw 

for waur, and the Mcitracjr^ott atneA Of iqaliim tnwioa natuaSy 

aotbeareat 
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W. Spring’ compared the surface tension of an acid solu¬ 
tion of peroxide with that of an alkaline solution of the same 
density, finding the surface tension of the alkaline solution 
to be a few percent higher than that of the acid solution. 

Since both sulphuric acid and sodium hydroxide decrease 
the rate of photolysis of hydrogen peroxide, it does not seem 
that an explanation of catalytic effect is to be found in the 
slight changes of surface tension. Moreover, the change in 
the rate of photolysis of hydrogen peroxide on adding a trace 
of a catalyst is altogether out of proportion to the change 
in surface tension of the solution as a result of adding a catalyst. 
The Chemleal Nature of the Catalysts and their Speeiilc 

Catalytic Effect 

We tabulate below the various catalysts we have tried 
(including those for which the data were given in our previous 
paper) and their influence on the rate of photolysis of hydrogen 
peroxide. 

Table XVII 


Effect on photolysiiJ 


Strong inhibition 
Practically no effect 
Practically no effect 
Mild inhibition 
Strong inhibition 
I No effect 
: Mild inhibition 
! Mild inhibition 
Slight inhibition 
Mild inhibition 
Mild inhibition 
I Mild inhibition 
; Strong inhibition 
Strong inhibition 
Strong inhibition 
No effect 
Increases rate 
Very small inhibition 
Very smaU inhibition 
j Very small inhibition 
, Mild inhibition 


Substance 


Amount used 
Percent 


Acetanilide 

Acetamide 

Urea 

Acetic acid 
Benzoic acid 
Boric acid 
Tartaric acid 
Phosphoric acid 
Sulphuric acid 
Sulphuric acid 
Sulphuric acid 
Sulphuric acid 
Calcium hydroxide 
Sodium hydroxide 
.Barium hydroxide 
Barium chloride 
Barium nitrate 
IPotassium nitrate 
Potassiupi chloride 
Sodium chloride 
Sodium chlmide 


0.04 

0.037 

0.05 


0.044 

0,096 

o. 152 

0,000875 

o.008624 

0.08624 

6.17101 

0.002 

0.053 

0.007 

0.037 

0.037 

0.031 

0.023 

0,011 

0.05 


« mm- Chem., xo^ x 6 x <1895)* 
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The table clearly emphasizes the specific catalytic action 
of the substances used. Aside from this, there are but few 
regularities to be found in the table. It will be noted that 
all the alkalies tried inhibit the reaction; of the acids, benzoic 
is an excellent preservative, sulphuric, acetic, tartaric, phos¬ 
phoric are mild preservatives, while boric add is without 
effect; of the neutral salts, barium nitrate hastens the pho¬ 
tolysis, barium chloride is without effect, while potassium chlor¬ 
ide, sodium chloride and potassium nitrate have a very small 
inhibiting effect after they have been present in the solution 
for some time. Acetanilide is an excellent preservative, while 
urea and acetamide are without effect. 

The influence of foreign substances on the thermal de¬ 
composition of hydrogen peroxide has been the subject of a 
considerable amount of investigation and a great deal of 
speculation. The reason for the effects has not yet been dis¬ 
covered. The problem is, of course, a special case of the 
broader phenomenon of catalysis in general, which phe¬ 
nomenon yet remains to be explained by any theory to which 
experimental data can be applied. 

When more is known about catalysis in general, it may 
be possible to explain why sulphuric add strongly inhibits 
the thermal decomposition of hydrogen peroxide, while sodium 
hydroxide is a strong positive catalyst for the thermal reaction. 
It will then remain to show why both of these substances in¬ 
hibit the photolysis of hydrogen peroxide. 

Summary 

1. The influence of a number of inorganic and organic 
compounds on the rate of photolysis of hydrogen peroxide 
has been measimed quantitatively. 

2. The same catalysts do not effect the thermal decomposi¬ 
tion and the photochemical decomposition of hydrogen per¬ 
oxide in the same way. 

3. There is no general rdationship between the chemical 
nature of a compound and its catalytic effect on the photolysis 
of hydrogen peroxide. 
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4. While the magnitude of the catalytic effect and the 
concentration of the catalyst vary in the same direction, there 
is not a direct proportionality between these two quantities. 

5. Neither the change in the light absorption nor the 
change in surface tension of a hydrogen peroxide solution 
brought about by the addition of a small amount of a catalyst 
seems adequate to explain the marked catalytic effect pro¬ 
duced. 

Laboratory of Physical Chemistry 
University of Wisconsin 
April, igi 4 
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Chemistry and Its Borderland. By Alfred W. Stewart 14 X 20 cm; 
vii A- 3J4 Longmans, Green & Co , igi4 Price: $i 50 net ,—In the preface 
the author says: “At the present time the sciences and their applications are 
I)laying a preponderant part in our daily existence; and yet, so involved are their 
ramifications that very few people realize the closeness of contact between science 
and modern life. An interest in the progress of scientific investigation is be¬ 
coming more marked, however, and a demand is springing up for information 
upon recent advances in the scientific field. 

“This demand is easy to supply in certain branches of science; for some 
lines of 'scientific thought lend themselves more easily to exposition in non¬ 
technical language. It is comparatively easy for a biologist or a physicist to 
give an account of the root princijiles of his subject such as can readily be under¬ 
stood by the general reader, though the latter may remain ignorant of the min¬ 
utiae of the evidence upon which the principles are founded. Chemistry, on 
the other hand, does not lend itself so well to popular treatment; for this science 
has evolved a symbolical method of expression of its own which, while to the ex¬ 
pert it is more lucid than words, is a stumbling-block to the ordinary man who 
has not been trained to grasp it. Deprived of its aid, the chemist feels hampered 
in exposition; and, as a consequence, chemical works designed for the general 
public are apt to err either in being too elementary in treatment or in taking 
too much knowledge for granted on the part of the reader. 

“In the present volume, it is hoped that these errors have been avoided 
No chemical symbols have been employed, and purely elementary questions 
have not been dealt with at length; so that the non-technical reader will find 
in the following pageS an account of some recent developments in chemistry 
couched in language which need not present any impediment.” 

The chapters are entitled: the ramification of chemistry; the allies of chemis¬ 
try among the sciences; the relations between chemistry and industry ; immuno¬ 
chemistry and some kindred problems; colloids and the ultra-microscope; the 
work of the spectroscope; chemistry in space; the inert gases and their place 
among the elements; radium; niton; transmutation; the nature of the elements; 
chemical problems of the present and future; the methods of chemical research; 
the organization of chemical research. Especially interesting paragraphs are 
to be found on pp. 76, 133, 201, 206, 264. 

“It is found that if a rabbit be injected with the blood of a dog the rabbit 
serum will form a precipitate with the serum of a dog’s blood; but, further, it will 
precipitate also the serum of a fox, which is closely allied to the dog in the bio¬ 
logical scale. Again, a rabbit immunized with horse’s blood will give a precipi¬ 
tate with the sera of donkeys and tapirs, both of which are closely related to 
horses. It is evident that this reaction has put into the hand of the biologist 
a weapon by means of which he can discover the closene.ss of relationship be¬ 
tween various animals; tliose which are nearly related giving the same response 
to the test, while those which are in no way connected biologically will give 
different results. The most interesting result hitherto obtained has been the 
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establishment of the fact that human blood and the blood of the anthropoid 
apes give a similar reaction, while the blood of some monkeyvS shows no affinity 
with the blood of man.” 

” Cotton, when examining the absorption of dextrocircularly polarized light 
by copper ammonium tartrate, found that the right- and left-handed tartrates 
did not possess identical powers of absorption Now, if light is absorbed by any 
molecule, some extremely delicate rearrangement of the molecule’s internal 
structure must take iilaec, for it cannot be supposed that a vibration can be 
stopped without stnne expenditure of energy Therefore, in the case of the right- 
and left-handed forms of copper ammonium tartrate, more energy is being used 
up by the one form than by the other when light is absorbed, and hence the 
mtra-inolecular readjustment is greater in the once case than in the other. In 
other words, dextrocircularly polarized light is an agent which favors one form 
of tartaric acid more than another Now% Byk has pointed out that light is 
circularly [lolarized by the surface of the sea, and that one variety of circularly 
polarized light iiredominates upon the earth's surface In this predominance 
we may find the asymmetric agent foreshadowed by l^asteur, and this agent, 
so far as the earth is concerned, is practically ubicpntous. It, therefore, seems 
not improbable that some such cause, acting under favorable conditions, may 
give rise to a iireponderance of a right-handed or left-handed form at one par¬ 
ticular iieriod in geological history ” 

” Instances are actually known, and have been studied spectroscopically 
within recent years, in which two invisible dark stars collided and flashed into 
vapor on their impact. Such phenomena put our first assumiitum out of court; 
we cannot assume that theie is a difference in conii>osition between stars and 
the nebulae arising from them. What, then, can account for the difference*in 
composition of the stars and the nebulae^ Clearly we must conclude that when 
the elements of the colder stars are raised to the extremes of temperature which 
exist in the nebulae, the complex elements, .such as iron and carbon, disappear 
as such, and become disintegrated into the simpler substances helium, hydrogen, 
and other light elements 

“Taking this as a working hypothesis, we shall find that there is a steady 
increase in the complexity of stellar composition as the stars cool down Begin¬ 
ning with the early nebulae, we find present only hydrogen and an unknown 
gas; with the cooling of the nebular mass, as condensation of the gas takes place, 
helium is formed from the simpler elements; by the time the gaseous material 
has become consolidated into the form of a hot star, oxygen and nitrogen have 
come into existence in large quantities; and we can trace the further progress 
of this synthesis of the elements until at the cooler end of the scale we come to 
the production of large quantities of carbon in the oldest stars This hypothesis 
of stellar evolution is largely due to Sir Norman bockyer, and it will he seen 
that it pictures the chemical atoms growing during the cooling of the primal 
ultra-atomic vapors, just as a visible drop of rain grows by the condensation 
of invisible particles of water-vapor. 

“The evidence from astrophysics, then, tends to make it appear probable 
that some elements can actually be transmuted into others. I^et us next come 
to the earth’s surface and see if we can find any analogous process at work there. 

“Ramsay and Cameron’s experiments were rejieated by Mine. Curie and 
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Mile. Gleditsch, who used platinum vessels instead of glass and silica ones; 
but these investigators found no lithium produced, under these conditions 
The negative evidence in such a case can hardly outweigh the positive. It is 
very hard to get over the fact that when the same solution of copper salt was 
divided into two portions, one portion wdiich had been treated with niton gave 
lithium, while the other portion, untreated, showed no trace of the presence of 
this element, the more so since, as has been mentioned, the glass of the bulbs 
does not give any trace of lithium when subjected to the action of niton under 
the same conditions as before.” 

“From the nature of chemistry, the collaborative method is the favorite 
one, especially in Germany. There it is usual to find a man who has come into 
the front rank of science supported by a number of lesser investigators who are 
ready to place their brains and manipulative dexterity at liis disposal in the 
furtherance of some extensive piece of research. In France, on the othei hand, 
single-handed investigations are more common; w^hile in our own country the 
two types are not seldom found side by side 

“It is never safe to dogmatize in such matters, but from a practical point 
of view it appears probable that the coordinated system of research will vield. 
on the average, a better result with the material which our technical schools 
and universities are producing It must be borne in mind that we cannot ar¬ 
range our conditions entirely with a view to the attainment of the best result^ 
if a scientific genius happens to come upon the .scene at any moment; such a 
person only appeals at rare intervals in the history of a science, and to plan our 
research organization solely with the idea of utilizing him to the best advantage 
when he does come, would be to militate against the success of men who, though 
they are not geniuses, may yet be far above the ordinary intellectual level of their 
fellows. A man of the type of Pa.stcur, when he comes into science, is not ham¬ 
pered by any system which may be in existence; he is capable of utilizing it to 
the utmost, and of superadding any details which may be necessary for the 
furtherance of his work. 

“The career of a .successful investigator may, generally speaking, be divided 
into four sections. First we find him in his student days acquiring the outlines 
of the science as a whole and storing up a mass of information which may, at a 
later date, help him to a true perspective of the field in which he decides to work. 
Then there springs up in him the desire to advance his subject, to do something 
which is not already recorded in the literature, and to find out for him.self how 
far the statements which he has read are of universal apt>lication. At this point 
he is generally taken in hand by one of his seniors, and the second stage in his 
career begins. He is not usually fit at first to undertake an unaided investiga¬ 
tion; but he is capable of assisting a more advanced worker ; and during this term 
of apprenticeship he learns the difference between book-knowledge and actual 
practice. He finds that what on paper seems to be a simple operation really 
involves immense labor; and he begins to realize how far it is safe to push an in¬ 
ference without running the risk of overshooting the truth. When he has passed 
through this mill, he has acquired suflficient grip of his subject to admit of his 
taking up a line of his own, and so he enters the third stage as an investigator. 
He has now behind him enough work to allow him to feel that he can stand 
alone; he has gained an experience of methods; and he has acquired a sense of 
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perspective which will prevent him from confusing details with the main prin¬ 
ciples of the question which he attacks This period of his scientific life may he 
long or short, according to liis natural ability, if he has little oiiginality, he may 
never advance beyond this sphere, but if he is a person of exceptional insight 
he will turn his attention sooner or later to prolilems of greater and giealer 
importance, until at last in the final phase of his career he may be reckoned 
among those whose investigations have revolulioiii/ed our views in certain 
liekls " Wilder D, Bancrojt 

Traite de Physique. By O D. Clrtvolson Ouvrage tniduit sur hs' Aditious 
russe ct tillemande par Ji Davaux Edition revue et lon^iiderahlenient augmeniee 
par rAuteur, .'^uivie de \otes sur la Physique theorique par A Cosseral el F Cos 
seuit Tome troisihne, troisi'emc fascicule. 16 15 <bi, pp vi -f .?6o. Pans: 

A Ileiman el Fils, jgu Price: paper, g francs —In this volume the author deals 
with the properties of saturated va]H)rs, including hygrometry, with unsaturated 
vaixirs, the critical stale, and corresponding states, wi.Ii heterogeneous equilib¬ 
rium, including the phase rule and the theory of solutions In other words, it is 
physical chemistry from the point of view of the physicist 

Dll p 7S3 the author quotes the work of Schiller as to the increase of the i^ar 
tial pressuie of chloroform or ether when m presence of a gas under more than 
one hundred atmospheres jiressure He rather imiilies, however, that this in¬ 
crease in partial pressure is due solely to the pressure of the indifferent gas on 
the surface of the liquid, whereas that would only account for a portion of the in¬ 
crease It is pretty eeitain that we are dealing also w'llh a specific solvent action 
of the coiiiiiressed gas It is a little unfortunate, also, to ascribe the theory 
of dilute solutions to Planck, jip 912, 931 

* On ]) 915 the author says “The wide scope of the phase rule and the di¬ 
versity of cases to which it is a])plicable give it a quite exceptional position among 
physical and chemical laws “ After referring to the discussions as to the strict 
definition of components, the author says, p. 918 “Fortunately the exact 
definition of the conception of a component has more of a theoietical than a 
practical importance because it is a very simple matter, 111 most cases, to tell 
the number of iiideiieiideiitly variable substanees or comiiouents 

H ilder D Bainrojt 

Traite de Physique. By O D Chivolson Ouvrage traduit sur les Editions 
nisse et allemande par E Davaux Deuxieme Addition franc^aise entierement refondue 
et lonsidhablement augmeniee par PAuteur, avec des additions ct des notes par E 
Cosserat et F. Cosserat. Tome premier, premier volume 16 X -?5 an; pp xvm | 
5/5 Paris: A. llennann et Fils, igi2. Price: paper, ij fraius In the preface 
to this new edition the translator says. “M, Chwolsoii began the publication 
of his Treatise on Physic.s in 1897. A German translation by Piofessor VVhede- 
mann appeared from 1902 to 1908. The French translation, for which M 
Amagat wrote an admirable preface, was begun in 1906. In Russia there have 
been numerous editions: the third edition of the first volume goes back to 1909, 
that of the second volume to 1911; while a third edition of the third volume 
will be ready in 1912. The numerous and important additions, made simulta¬ 
neously in the French and Russian editions, have enabled the work of M. Chwol- 
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*>on to keep its character as a vivid presentation of our actual knowledge. We 
have now reached a stage, however, both experimentally and theoretically, 
where so many problems in all branches of physics are taking on so new an aspect 
that it has become necessary to make a fresh start. M. Chwolson has taken 
great pains with this delicate task and the reader will see, from the general intro¬ 
duction to this second edition, witli what skill the author defines the new point 
of view from which he is going to write his treatise ” 

In the general introduction, the author says, p. 9: “In recent years the ideas 
of the physicists have undergone a remarkable change. The old fundamentals, 
almost forgotten, have reappeared under new forms We are actually now (1911) 
in a period of transition; our previous conceptions of phenomena are more or 
less obliterated, while the new ones are not yet sharply defined. We are taking 
part in a desperate struggle between very difTerent and absolutely (‘ontradic- 
tory views and science hesitates between one and three fundamentals If one 
includes ordinary matter, one can even say that many scientific men believe 
in four fundamentals, while others hope that a single one wdll suffice 

“This immense change is the result of the study of the cathode rays, the 
Roentgen rays, and above all of the radioactive phenf)inena, with wdiich the 
names of M. and Mme, Curie wdll always be identified We shall discuss these 
phenomena in detail in the fourth volume The study of the cathode rays has 
led to the new doctrine of elc< Irons We have ceased to seek the cause of elec¬ 
trical phenomena solely in the mechanical states of the ether and we have re¬ 
turned to the old views according to which electricity is a definite substance. 
At first it was mcrelv a question of negative electricity to w^hich it was .soon 
found necessary to attribute an atomic constitution. According to the ideas 
which prevail to-day (igii), negative electricity consists of elementary quanti¬ 
ties of substance, of atoms of electricity, which we cull ekiirons. An elertric 
current occurs when there is an actual transference of electrons in a conductor. 
Opinions are divided as to the special properties of the electron and as to whether 
it can or cannot change in shape; hence it would be premature to lay stress on 
this point. 

“What was previously called positive electricity is also looked upon by some 
scientific men as a definite substance; but there is less agreement as to the struc¬ 
ture and properties of positive electricity than in the case of negative electricity. 

“As third fundamental we now have the ether which fills space and supports 
and transmits radiant energy (Vol. II). If we add ordinary matter, we have 
four different pirimordial substances out of which the universe was constructed 
and by means of which we must account for the infinite variety of physical and 
chemical phenomena which we encounter. Along with the development of these 
new conceptions, we have other radical changes in our fundamental physico¬ 
chemical hypotheses. The atom of matter was formerly considered as a very 
small amount of a homogeneous substance which could not be divided into smaller 
particles in any physical or chemical way Now we attribute to the atom of 
matter an extremely complex structure in which electrons accompany ordinary 
matter, the whole forming a system composed of numerous elementary parts 
which arc characterized by different, very rapid, and very complex motions. 
Under certain conditions the atom decomposes and the electrons are scattered, 
often carrying with them fragments of matter. 
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"Some scientific nieii have j^oiie much fartJicr and have also attributed an 
atomic structure to radiant energy; they have considered the possibility of atoms 
of light (elementary cjuantities of energy), specially in connection with the study 
of the Roentgen rays. 

"The further develo])merit of the theory of electrons has had a revolutionary 
clTect along other lines In order to explain a series of phenomena, to which 
only reference can be made here, entirely new and very daring views have been 
put forward in regard to spate and time (H. A Loientz, Kmstein, Alinkowski), 
these are known as the theory of relativity If these ideas should prevail and be¬ 
come perhaps a pari of common knowledge, the change in our lundarnenial con¬ 
ceptions would be so great as to have no equal in history, it would surjiass in im¬ 
portance the Copernican revolution. 

"We have seen that most people actually recogni/e four fundamentals 
ordinary matter, negative elcctncitv, positive electricity, and ether Many 
vscientific men, however, do not regard positive electricity as a separate entity, 
they consider that an atom, which appears to us posit Atly electrified, has merely 
lost n(‘gative electrons. Others believe that we can dispense with ordinal y mat- 
tei and can consider that an atom is merely a system of electrons or a nucleus 
of positive electricity around which the negative electrons move 

" Recently it has been proposed to take another great step (Campbell, Witte, 
etc ), the complete abandonment of the ether All the experiments made to show^ 
directly phenomena in the ether, at least in a certain way, have hitherto been un¬ 
successful. This has given rise to the thought that Science might be developed 
without the conception of the ether; in other words, there is no ether. This 
lioint of view leads to the conception of radiant energy (visible light, for iiislance) 
as being transmitted in an independent manner through an absolutely empty 
sjiaCe, jierhaps by means of atoms of light From all this it is clear how uncer¬ 
tain the fundamental beliefs of natural philosophy have now (1911) become; 
in the near future they may perhaps acquire more simplicity and definiteness. 
In this work u'e shall speak of the ether occasionally but loe shall always' use the 
word as referring to space ivhich is not filled with ordinary matter, and not to space 
filled with a definite substance." 

The second part of this volume deals with mechanics and the titles of the 
chapters are: motion; force; work and energy; vibratory harmonic motion, 
transmission of vibrations by ladiation, universal gravitation, elements of the 
theory of the Newtonian potential, wxnght; dimensions of the physical units 
The third part is devoted to a consideration of instruments and methods of 
measurement. Wilder D. Bancrojt 

Handbuch der Mineralchemie. By C. Doelter VoL III: Parts 1 ~JJ. 
18 X 2$ cm; pp. 160 {each part), Dresden: Theodor Steinkopff, IQJ3. Price: 
6 ,$o marks {each part ).—These two numbers deal chiefly with titanium, zir¬ 
conium, and thorium; but there arc a few paragraphs on tin and lead, and the 
last half of the second part is devoted to columbates, nitrates and phosphates. 
There i$ not much of general interest in these two numbers as they are taken 
up very largely with methods and results of analysis. There seems to be an in¬ 
teresting problem, p. 26, in connection with the genesis of rutile. The synthetic 
methods involve high temperature; but rutile occurs often in nature under con 
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(litioiis which seem to presuppose low temperature and high pressures as criteria 
for the formation. The question of the coloring of the zircons, p. 147, is also 
one that is well worth studying. 

There is a rather curious suggestion, p. 244, that the final decomposition 
product of uranium is not lead but an unknown element having an atomic weight 
of 206. It was entirely new to the reviewer to find, p. 273, that some people 
thought that tlie Chili saltpeter beds were due to the fixation of nitrogen by 
means of silent electric discharges. Wilder D. Bancroft 

Physical Chemistry and Scientific Thought. By W. C. Me. Lewis. 14 X 
22; pp iii + 20. Liverpool: University Press of Liverpool, 1914. Price: i shilL 
ing —This is an inaugural lecture delivered at the University of Liverpool by 
the Brunner Professor of Physical Chemistry. A few quotations will give some 
idea of this admirable address: 

“It is a characteristic of the truly scientific mind that it is capable of dis¬ 
tinguishing, at least in many cases, a real approximate verification, that is a satis¬ 
factory verification—and, remember, there are varying degrees of approxima¬ 
tion—from false or apparent verification, be it ever so close. The distinction 
is not infrequently a subtle and, therefore, a difficult one. One has often to 
weigh many apparently trifling considerations, chance observations, unexpected 
side effects. One can learn much by experience, but at the same time the experi¬ 
mentalist of the first rank is to a very large measure born, not made. 

“1 have said that our so-called 'explanations’ of chemical and physical 
phenomena consist in the application of mechanical concepts. It is obvious, 
therefore, that such explanations are after all partial; but it is not improbable 
that this is so far as our mental limitations will permit us to go. Although, for 
example, in that system of logic to which we give the name ‘ Thermodynamics ’ 
an attempt, and a successful one, too, is made to get beyond what might be 
called the more crude mechanical notions involved in the application of the 
kinetic theory to the problems of the constitution and behavior of matter, the 
fact that thermodynamical reasoning simply in virtue of its abstractness has 
presented great—sometimes very great—barriers to the average intelligence 
as regards the comprehension of truths even when these have already been put 
into explicit terras by greater minds—the fact that this difficulty exists is very 
clear evidence, I think, that our minds are naturally more fitted to adjust them¬ 
selves to mechanical concepts." 

“Research in chemistry and physics may, broadly speaking, be divided into 
three classes: First, researches in which theoretical considerations and specula¬ 
tions play the entire or at any rate the most important role, such as we find, 
for example, in investigations in mathematical phy.sics and theories of electricity, 
optics, heat, and capillarity; secondly, researches in which an idea inspired by 
previous theoretical or experimental results is developed in such a way as to be 
put more or less conveniently to experimental test. The whole field of physical 
chemistry may be cited as an illustration of this class. Thirdly, there are re¬ 
searches in which the aim and object is essentially experimental, the interest 
lying not so much in the theoretical significance of the results themselves as in 
their usefulness from the standpoint of accumulation of sound experimental data, 
such as one finds for example in determination of atomic weights and stoichio- 
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metric work in general All these are essential to scientific progress, though I 
imagine the second is likely to prove the most generally attractive. For the 
third class, indeed, relatively few are either fitted or willing, as success depends 
so largely upon innate skill and unwearying patience in view of the somewhat 
unexciting nature of the work One must not dogmatise, of course, as to how 
any investigation is going to turn out—it was, after all, the observation of a slight 
anomaly in the density of a gas observed by Lord Rayleigh which led in the 
hands of Ramsay to the discovery of argon and the other members of the rare 
gas group. Naturally, such divisions as I have mentioned are in actual practice 
by no means sharply defined. Re.search in physical chemistry, indeed, progresses 
along all three, though almost entirely through the medium of the second '' 

Wilder D Bancroft 

Die radioaktive Strahlung als Gegenstand wahrscheinlichkeitstheoretischer 
Untersuchungen. By L v Bortktewicz. 24 X cm; pp, 84 Berlin. Julius 
Springer. IQ13. Price’ 4 marks —Numerous experiments have lieen conducted 
to determine the law of distribution of the time intervals of the emission of 
particles from a radio-active substance To compare the various numerical re¬ 
sults, it is desirable to analyze them by the methods of the calculus of probabili¬ 
ties Two methods aie possible either to compare the length of tunc between 
two successive scintillations at difTcrent stages of the experiment, or to count the 
number of scintillations in a fixed interval of time In this volume, no new re¬ 
sults are atternfited, it is concerned rather with an analysis of the methods of 
approach, and is simply a mathematical exposition of the principles employed, 
and the fitting of numercial results of these principles Roth of the above alter¬ 
natives arc considered Gauss’s law of chance is developed, and the result deter¬ 
mined by a number of experiments are represented on the same figure with the 
expectancy curve A large number of combinations are considered ’ arithmetic 
mean, geometric mean, normal dispersion, supernormal dispersion, and sub¬ 
normal dispersion as well as the possibility of a large number of emissions too 
feeble to be measured 

The variations of the probability integral made by these assumptions are 
such that the integrations can not always be performed In such cases the 
author not only used Simpson’s and Cotes’s rule, but carefully shows how alge¬ 
braic approximations can be employed to still further simplify the processes 
The steps are clearly stated, possibly even too much algebraic detail furnished, 
and each result is .set out sharply as such Apart from a modest list of correc¬ 
tions supplied, the volume is remarkably free from typographical errors 

Virgil Snyder 

La Thfiorie du Rayonnement et les Quanta. Edited hy P Lang^evin and M. 
de Broglie. 25 X 17 cm; pp. .^36 Paris: Gauthier-Villars, ipi2. Price: 25 
francs. —This volume contains the papers read in November, igii, at a private 
congress called at Brussels by Mr. Krnest Solvay. The fc»llowing papers were 
presented. The Application to Radiation of the Theorem of the Equal 01*^- 
tribution of Energy, by H. A. Loretz; The Kinetic Theory of the Specific Heat 
according to Maxwell and Boltzmann, by J. H Jeans; The Experimental Veri¬ 
fication of Planck's Formula for the Radiation from a Black Body, by E. War- 
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burg; The Verification of Planck’s Radiation Formula for Rays of Longer Wave¬ 
length, by H. Rubens; Law of Black Body Radiation and the Hypothesis of 
Elementary Quanta, by M. Planck; Kinetic Theory and Experimental Proper¬ 
ties of Perfect Gases, by M. Knudsen; Proofs of the Reality of Molecules, by J, 
Perrin; Application of the Theory of Quanta to Various Physico-chemical Prob¬ 
lems, by W. Nernst; Electrical Resistances, by Kamerlingh Onnes; Application 
of the Theory of Quanta to Aperiodic Molecular Phenomena, by A. Sommerfeld; 
The Kinetic Theory of Magnetism and the Magnetons, by P. Langevin; The 
Actual State of the Problem of Specific Heats by A. Einstein. 

We are much indebted to Solvay for this collection of papers; but one cannot 
help being a little disappointed in the discussions. They are extremely perfunc¬ 
tory and it is a great pity that the feeling of being on dress parade should appar¬ 
ently have been predominant. Wilder D. Bancroft 

Die Theorie der Strahlung und der Quanten. Edited by A. Eucken. i/ X 
25 cm; pp. via -f 405. Halle: Wilhelm Knapp, igJ4. Price: 1$ .60 marks .— 
The Bunsen Society has published a German edition of the papers read at the 
Solvay congress in Brussels (preceding review). The volume also contains an 
apjiendix by Eucken on the development of the quantum theory from the time 
of the congrcvss to the autumn of 1913 The recent development is treated under 
the heads* foundations of the quantum theory; experimental tests of Planck’s 
formula by radiation measurements; energy content and heat conductance of 
solids; energy of rotating gas molecules; energy of translation; experimental 
data bearing on the structure of heat vibration. Wilder D. Bancroft 

Lecons de Thermodynamique. By M, Planck, Translated from the third, 
revised German edition by R. Chevassus. 25 X // (m; pp. 308. Paris: A. Her¬ 
mann et Fils, 1913, Price: 12 frams, —In the preface the author says- ‘*In 
this new edition the previous plan and arrangement have been retained. Never¬ 
theless, all the numerical data have been revised and there are also many addi¬ 
tions and changes of more or less importance which have been suggested to me 
by foreign .scientific men. I call attention especially to the passages on the law 
of corresponding states, the definition of molecular weight, the establishment 
of the second law, characteristic thermodynamic function, the theory of the 
Joule-Thomson effect, the vaporization of mixed liquids. I shall always receive 
future criticisms with special gratitude. 

“This edition includes the heat theorem established in 1906 by W. Nernst. 
If this theorem, as now seems possible, is to be verified in all directions, thermo¬ 
dynamics will find itself enriched by a theorem, whose scope would exceed all 
that we now expect of it both along practical lines and in the field of molecular 
theory. In order to present this theorem in its elements and in a form best 
suited to experimental verification, it seems to me necessary to ignore temporarily 
its significance for atomic theory, since this side of it has never been formulated 
clearly This point of view also corresponds with that adopted in the other portions 
of this book. I have also thought it desirable to give the theorem as broad a form 
as possible so that the applications would be both simple and general. In doing 
this I have exceeded to some extent in form and in breadth, the limits imposed 
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by Ncnisl himself I mention this fact because the earlier conception of Neiiist 
may still hold even if it proves that the more general form is not correct ” 

The chapter on Ncrust s theorem and on the theory of quanta is a translation 
of a lecture given before the German Chemical vSociely m Berlin (i6, 187) 

Wilder D. Bancroft 

Les Id6es modernes sur la Constitution de la Matiere. Published by the 
Societe frangaise de Physique 25 X 17 cm; pp ^70 Pans: Gauihier-Villars, 
fratKS This is a collection of memoirs written for the French 
Physical Society. The single papers are Proofs of the Reality of Molecules, 
by J. Perrin, Grains of Ivlectricity and Ivlectromagnetic Dvnamics. by P bang- 
evin, Klementary Quantities of imergy and Action, by K Bauer, iClectronic 
Theory of Metals, by Bloch; Ionization by Shock and the Electric Spark, by 
A Blanc, Idtra rarefied Gases, by L Dunoyer; Radiation of Radioactive Sub¬ 
stances, l)y Mine Curie, Radioactive Transformations by A Debierne, Magnetic 
Moments of the Atoms, and the Magneton, by P Weiss, The Relation of Matter 
and Fvther, by H. Poincare 

The following paragraph, p from Bloch's paper on the electronic theory 
of metals, is interesting “We have followed the electron theory of metals to 
the point where it begins to conflict with the experiments on black body radia¬ 
tion. This difficulty is inherent in any theory of electrons as well as in the special 
electronic theory of metals It will probably compel us to adjust our ideas so 
that we may reach a satisfactory compromise; but that is the work of the future 
It will not be necessary, how’cvcr, to throw over the conclusions which we owe 
to the electronic conception nor the considerable total of phenomena which we 
have been able to arrange systematically and to account for by means of this con¬ 
ception In spite of some difficulties of detail, to which we have called s])ccial 
attention, the electron theor>' brings together in one vast synthesis not only the 
electrical and thermal conductances and their interrelations, but also the whole 
of the thermo-electric effects including the laws of electromagnetism and of in¬ 
duction It also throw.s some light on the galvano-magnetic phenomena and 
the mechanism of the radiation of metals Whatever the future may have in 
store for it, the theory has brought out relations between certain ))henomeii<i 
which will last. It has shown that it is scarcely necessary to insist on a single 
mechanism in order to account for the electrical and thermal conductances of 
conductors. It has proved to be an instrument of great power for investigation 
and discovery It will certainly leave a deep mark on all our ideas as to the cor¬ 
puscular constitution of matter ” Wilder D Bancroft 

Die photographischen Retouche. By G. Mercator Third edition js X 
22 cm; pp, 74. Halle: Wilhelm Knapp, 1914. Price: 2 50 marks. — In the pre¬ 
face the author says: '^In spite of all attacks, the technique of retouching is 
essential to the professional photographer. Since it has long been highly de¬ 
veloped so far as hand work is concerned, there are no special improvements or 
important changes to note. The old and tried methods are as important as evei' 
and consequently it has seemed desirable to make the new edition conform as 
far as possible to the preceding ones. Since opinions differ very much as to the 
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burg; The Verification of Planck’s Radiation Formula for Rays of Longer Wave¬ 
length, by H. Rubens; Law of Black Body Radiation and the Hypothesis of 
Klementary Quanta, by M. Planck; Kinetic Theory and Experimental Pro[)er- 
ties of Perfect Gases, by M. Knudsen; Proofs of the Reality of Molecules, by J. 
Perrin; Application of the Theory of Quanta to Various Physico-chemical Prob¬ 
lems, by W. Nernst; Electrical Resistances, by Kamerlingh Onnes; Application 
of the Theory of Quanta to Aperiodic Molecular Phenomena, by A. Sommerfeld; 
The Kinetic Theory of Magnetism and the Magnetons, by P. Langevin; The 
Actual State of the Problem of Specific Heats by A. Einstein. 

We are much indebted to Solvay for this collection of papers; but one cannot 
help being a little disappointed in the discussions. They are extremely perfunc¬ 
tory and it is a great pity that the feeling of being on dress parade should appar¬ 
ently have been predominant. Wilder D. Bancroft 

Die Theorie der Strahlung und der Quanten. Edited by A. Eucken. 17 X 
25 cm; pp. via -f 405. Halle: Wilhelm Knapp, igJ4. Price: 15.60 marks .— 
The Bunsen Society has published a German edition of the papers read at the 
Solvay congress in Brussels (preceding review). The volume also contains an 
at)i)endix by Eucken on the development of the quantum theory from the time 
of the congress to the autumn of 1913. The recent development is treated under 
the heads: foundations of the quantum theory; exi>erimental tests of Planck’s 
formula by radiation measurements; energy content and heat conductance of 
.solids; energy of rotating gas molecules; energy of translation; experimental 
data bearing on the stnicture of heat vibration. Wilder D, Bancroft 

Lecons de Thermodynamique. By M. Planck. Translated from the third, 
revised German edition by R. Chevassus 25 X 17 cm; pp. 508. Paris: A Her¬ 
mann et Fils, Jgi3. Prtce: 12 francs .—In the preface the author says: '*In 
this new edition the previous plan and arrangement have been retained. Never¬ 
theless, all the numerical data have been revised and there are also many addi¬ 
tions and changes of more or less importance which have been suggested to me 
by foreign scientific men. I call attention especially to the passages on the law 
of corresponding states, the definition of molecular weight, the establishment 
of the second law, characteristic thermodynamic function, the theory of the 
Joule-Thomson effect, the vaporization of mixed liquids. I shall always receive 
future criticisms with special gratitude. 

“This edition includes the heat theorem established in iqo6 by W. Nernst. 
If this theorem, as now seems possible, is to be verified in all directions, thermo¬ 
dynamics will find itself enriched by a theorem, whose scope would exceed all 
that we now expect of it both along practical lines and in the field of molecular 
theory. In order to present this theorem in its elements and in a form best 
suited to experimental verification, it seems to me necessary to ignore temporarily 
its significance for atomic theory, since this side of it has never been formulated 
clearly This point of view also corresponds with that adopted in the other portions 
of this book. I have also thought it desirable to give the theorem as broad a form 
as possible so that the applications would be both simple and general. In doing 
this I have exceeded to some extent in form and in breadth, the limits imposed 
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by Nc*nist hittiself. I mention this fact because the earlier conception of Nernst 
may still hold even if it proves that the nn)re general form is not correct ” 

The chapter on Ncnist’s theorem and on the theory of quanta is a translation 
of a lecture given before the German Chemical Society in Berlin (i6, 187). 

Wilder D Bancroft 

Les Idees modernes sur la Constitution de la Matidre. Published by the 
Socivte frunqnise de Physique 25 X 17 cm; pp :^70 Parts: Gauthier-Vtllars, 
IQIJ Price: francs —This is a collection of memoirs written for the French 

Physical Society The single papers are. Proofs of the Reality of Molecules, 
by J Perrin; Grains of Klectricity and Klectrom ague tic Dynamics, by P. Jvang- 
evin, Elementary Quantities of Energy and Action, by IC Bauer, lUectronic 
Theory of Metals, by K Bloch, Ionization by Shock and the h'lectric Spark, by 
A Blanc; Ultra-rarefied Gases, by U Dunoyer; Radiation of Radioactive vSub- 
stanccs. by Mnie Curie, Radioactive Transformations by A Debierne; Magnetic 
Moments of the Atoms, and the Magneton, by P Weiss, The Relation of Matter 
and Ether, by H. Poincare 

The following paragraph, p iqo, from Bloc'h‘s pajicr on the electronic theory 
of metals, is interesting “We have followed the electron theory of metals to 
the point where it begins to conflict with the experiments on black body radia¬ 
tion This difhculty is inherent in any theory of electrons as well as in the special 
electronic theory of metals It wall probably compel us to adjust our ideas so 
that we may reach a satisfactory compromise; but that is the work of the future 
It will not be necessary, how’ever, to throw' over the conclusions which we owe 
to the electronic conception nor the considerable total of phenomena which we 
have been able to arrange systematically and to account for by means of this con¬ 
ception. In spite of some difficulties of detail, to which we have called special 
attention, the electron theory brings together in one vast synthesis not only the 
electrical and thermal conductances and their interrelations, but also the w'hole 
of the thermo-electric elTects including the law's of electromagnetism and of in¬ 
duction. It also throws some light on the galvano-magnetic phenomena and 
the mechanism of the radiation of metals Whatever the future may have in 
store foi it, the theory has brought out relations between certain phenomena 
which will last. It has showm that it is scarcely necessary to insist on a single 
mechanism in order to account for the electrical and thermal conductances of 
conductors. It has proved to be an instrument of great power for investigation 
and discovery. It will certainly leave a deep mark on all our ideas as to the coi- 
puscular constitution of matter." Wilder D Bancroft 

Die photographischen Retouche. By G. Mercator. Third edition 1$ X 
22 cm; pp, 74, Halle: WUhtlm Knapp, JQ14. Prke: 2 so marks. —In the pre¬ 
face the author says: “In spite of all attacks, the technique of retouching is 
essential to the professional photographer Since it has long been highly de¬ 
veloped so far as hand work is concerned, there are no six'cial improvements or 
important changes to note. The old and tried methods arc as important as ever 
and consequently it has seemed desirable to make the new edition conform as 
far as possible to the preceding ones. Since opinions differ very much as to the 
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amount of retouching which is desirable, it has seemed undesirable to give illus¬ 
trations showing the limits of permissible retouching.” 

One of the most interesting things in the l)Ook! is the so-called optical re¬ 
touching, p. 13, whereby a photograph of a building made with a tilted camera 
is corrected by rephotographing from a tilted transparency or from a tilted 
paper negative Special directions are also given for retouching all kinds of 
prints and for coloring photographs. While the book is primarily intended for 
the professional, there are a number of passages which are of distinct interest to 
the amateur. Wilder D. Bancroft 

Die Misserfolge in der Photographie. By Hugo Muller. Fourth edition. 
IS X 22 cm; pp. II j Halle: Wilhelm Knapp, IQ13. Price: 2 marks. —The author 
considers errors due to apparatus, dark room, exposure, development, washing, 
fixing, drying, intensifying, reducing, varnishing, and retouching, as well as er¬ 
rors liable to occur with films, with instantaneous exposures, with flashlights, and 
with color-sensitive films or plates. There is also a chapter on the different 
developers. The book is clear and concise; one can easily see why four editions 
have been necessary. Wilder D. Bancroft 

Kapillarchemie und Physiologie. By IL Freundlich. Second edition 
IS X 22 cm: p/>. 5 + 4S. Dre.sden: Theodor SUinkopff, IQ14. Price: i 50 7narks. 
—The first edition of this pamphlet appeared in 1907, considerably before the 
author’s book entitled Kapilkrehemie Instead of rewriting the pamphlet, the 
author has seen fit to publish it in the original form, apparently on the ground 
that it is a document. In order to make it of more value, copious notes and com¬ 
ments are introduced m an appendix The reviewer ventures to think that this 
is a mistake. It would have been more merciful to the reader to have given 
him a continuous narrative. In spite of the faulty plan of presentation, the 
pamphlet is an interesting one. One may not agree with the author in all points 
but at least he is definite in his statements and one knows where he stands 

Wilder D. Bancroft 

Optique physique. By R. W. Wood. Tramlatcd hy H. Vigneron and IL 
Labrouste. Vol II, 17 X 25 cm; pp. 478. Paris: Gauthier-Villars, 1914. Price: 
18 francs —The second Phiglish edition was reviewed (15, 707) nearly three years 
ago. The first volume of the French translation appeared last year (i8, 84) 
and the second (and final) volume is now ready. This volume contains special 
paragraphs, not in the English edition, on: transmission of radiations of great 
wave-lengths through thin sheets of silver; experiments of Dunoyer on the 
fluorescence of sodium vapor: resonance spectra of iodine; polarization of light 
in the resonance spectra of the vapor of iodine; application of fluorescence as 
transformer of light. In an appendix the author discusses the radiation of reso¬ 
nance as well as the absorption and diffusion in the vapors of mercury and of 
sodium. Wilder D. Bancroft 



THE THEORY OF COLLOID CHEMISTRY' 


BY WILDER D. BANCROFT 

We have dropped Graham’s view that a colloidal substance 
must be amorphous, and we now call a phase colloidal when 
it is sufficiently subdivided, not committing ourselves definitely 
as to what degree of subdivision. Colloid chemistry is, 
therefore, the chemistry of bubbles, drops, grains, films, 
and filaments. Consequently the differences between col¬ 
loid chemistry and the chemistry of relatively large masses 
must be differences arising from the subdivision of a phase 
or phases. I shall try to make clear that this line of attack 
leads us to a fairly consistent theory of colloids, a thing which 
we have not had before. 

We begin, as Freundlich has done, with the properties 
of surfaces. A solid or a liquid surface has the power of 
adsorbing solids, liquids or gases. The familiar instance 
of this is the formation of an air film or water film on the 
surface of glass. We now postulate that surfaces show se¬ 
lective adsorption. This enables us to account qualitatively 
for all the phenomena of adsorption from solutions including 
the decomposition. If a substance adsorbs a given base 
much more readily than a given acid, there will be a tendency 
for the salt of that base and acid to hydrolyze and for the base 
to be taken up, leaving the solution acid. The quantitative 
side of the adsorption is given approximately in simple cases 
by some form of an exponential formula, the so-called adsorp¬ 
tion isotherm. Since we have to have a qualitative theory 
before we can get a quantitative one, the chief use of the ad¬ 
sorption isotherm for the present is to enable us to tell that 
a definite compound is not formed. Adsorption is always 
reversible theoretically, though this is often apparently not 
true experimentally. If charcoal takes a dye out of solution 

* A paper read at the symposium on colloid chemistry during the Montreal 
meeting of the American Chemical Society. 
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to such an extent as to decolorize the water practically com¬ 
pletely, no amount of washing with pure water will give a 
colored solution.* In such a case the adsorption is strictly 
reversible and the difficulty was in the interpretation of the 
results. If the adsorbing substance changes either through 
agglomeration, crystallization, etc., its specific adsorbing power 
will change and the adsorbed substance will be held either 
more firmly or less firmly as the case may be. Either way 
we get an apparent irreversibility. Both cases are known.* 
The adsorbed substance may also change on standing or on 
heating, in which case we shall have an apparent irreversi¬ 
bility though we are really dealing, as before, with a new, 
reversible equilibrium. This case occurs very frequently in 
dyeing. 

It is perfectly familiar to all of us that small drops of a 
liquid will coalesce to a single large one when brought in con¬ 
tact. It is not familiar to us that solids also coalesce when 
brought in contact, because solids, as we know them, usually 
have a film of air on the surface and we do not bring them in 
contact at all. In fact Cushman and CoggeshalP report that 
in their work a powder which would pass through a 200 mesh 
sieve surged Uke a liquid. The film of air was so large rela¬ 
tively to the mass of the particle that they were really dealing 
with little elastic balls having a hard core. If it were not 
for the air film, a broken plate could be mended at once by 
pressing the fragments together.^ Heating drives out the 
air film and also tends to make the solid more malleable, so 
that pressure brings more points in actual contact. We can 
join two pieces of glass while they are still very viscous and 
we join two pieces of platinum in the laboratory at tempera¬ 
tures far below the melting point of platinum. The import- 


1 Freundlich and Neumann: Zeit. phys. Chem., 67, 538 (1909). 

* Cameron and Patten: Jour. Phys. Chem., 11, 581 (1907); Lottermoser: 
Zeit. phys. Chem., 63, 377 (1908); Freundlich and Schucht: Ibid., 85, 660 

(1913)* 

«Jour. Franklin Inst., 174, 672 (1912). 

* Cf. Brewer: Kiite und Klebstoffe, 24 (1907). 
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ance of clean surfaces when soldering is well known. We can 
electroplate copper on copper without difficulty because we 
can keep a clean surface. To plate an adherent deposit of 
nickel on nickel requires special precautions; and it is a much 
more difficult matter to get an adherent deposit of gold or 
silver upon aluminum. 

We, therefore, conclude that solid grains or liquid drops 
will agglomerate if actually brought into contact and that 
to keep them from doing so we must have a surface film of 
some sort. Since this agglomeration takes place spontaneously, 
work must be done on the liquid or solid to disintegrate it. 
It is easy to see also that a film might keep drops separated 
and yet not break up a large drop into a lot of smaller ones. 
Dirty mercury will remain as a single liquid mass indefinitely 
so far as we know. If we disintegrate the mass by shaking, 
a film will form over each drop and will keep the drops from 
coalescing. It is also easy to see that less work will be necessary 
to disintegrate the mercury in case we add something which 
lowers the surface tension of the mercury. In some cases 
we get disintegration very easily. Water will disintegrate 
gelatine at about 30°; but cellulose only at very much higher 
temperatiu-es. The disintegrating action of water on metals 
is negligible except under special conditions.’ Except with 
such substances as gelatine we have to use special methods 
of disintegration, and the presence of a suitable surface film 
of some sort is necessary to prevent the liquid drops or solid 
particles from coalescing again. 

If we drop a stone into water, it sinks very rapidly: 
if we grind the stone into coar.se particles these sink less 
rapidly; if we grind the stone into fine particles, these sink 
slowly; if we grind the stone into very fine particles we should 
expect them to sink very slowly, the rate being a function 
of the diameter of the particles. This is not the case, however. 
Very fine particles do not follow Stokes’ equation and do not 


‘ Mengiirini and Scala. Zeit. Kolloidcheinic, 6, 65, 240 (1910), 10, 113 
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settle at all, because of the Brownian movements which are 
negligible for coarse particles. We, therefore, conclude that 
any substance can be brought into a state of colloidal solution 
provided we make the particles of that phase so small that 
the Brownian movements will keep the particles suspended, 
and provided we prevent agglomeration of the particles by 
a suitable surface film. Coalescence may be prevented by a 
non-electrical film, by an electrical film (electrical charge) 
or by any combination of the two. Non-electrical suspensions 
are due to marked adsorption of substances in true solution 
together with a suitable change of surface tension—to be dis¬ 
cussed under peptonization—or to the adsorption of a colloid 
which is readily peptonized by water, a protecting colloid 
so-called. It is not proper to assume, as Freundlich' does, 
that all adsorption is accompanied by a lowering of the surface 
tension. Freundlich bases his conclusions on the Gibbs’ 
formula which applies to a homogeneous solution and not to 
the case of adsorption at all. An electrical suspension is due 
to the preferential adsorption of some ion. So long as the 
particles are all charged positively or all negatively they will 
repel each other and will not coalesce. Neutralization of 
the charge .causes precipitation through agglomeration. 

On this statement of facts there is no apparent reason 
why one should not make a colloidal solution of any substance 
of almost any desired concentration. Practically, we cannot 
do this, though we can vary the concentration within limits 
by changing the protecting colloid. Also, we know that people 
determined the solubility of tannin in water when they thought 
that it really dissolved. We know now that tannin only 
appears to dissolve in water; but a change in our theoretical 
views cannot change the facts, though it may change our in¬ 
terpretation of them. I, therefore, conclude that there is 
a limiting concentration beyond which the peptonizing action 
of the liquid and the protective action of the surface film 
cease to be effective and that we consequently get an apparently 


' Kapillarcbemie, 52 (1909). 
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definite solubility which, of course, varies with the size of the 
particles. In fact, I suspect that a number of solubility de¬ 
terminations on such things as the so-called calcium sucrates 
will turn out to have been really a study of colloidal solutions. 
In view of what we know in regard to the behavior of the cellu¬ 
lose nitrates with mixed solvents, I doubt whether Oudemanns* 
determined the true solubility of cinchonine in alcoholic 
chloroform. 

If we start with two liquids, either can be dispersed in the 
other and the question of which constitutes the internal phase 
depends entirely on the nature of the protecting film. For 
an emulsion to be possible the third substance must pass into 
the surface separating the liquids* and must possess the power 
of forming a coherent film in presence of the two liquids. Let 
A be one liquid, B the other, and (' the protecting film. If 
the surface tension of C is lower on the side towards B, liquid 
B will tend to form the internal phase, while liquid A will 
tend to form the internal phase if the reverse be true.* This 
has been realized experimentally in a number of cases. ^ With 
a sodium soap, oil becomes the internal phase and water the 
external one, while the reverse is true with a calcium or mag¬ 
nesium soap. Rosin enables one to emulsify large amounts 
of water in linseed oil. 

The study of emulsions throws light on the more difficult 
question of peptonization. Doyle* found that iodine was 
adsorbed readily by charcoal or graphite and yet had very 
little effect in preventing sedimentation, while other substances 
were adsorbed strongly and had a marked effect in preventing 
sedimentation. Consequently adsorption of two different 
substances may act in fundamentally different ways. Tliis 
is true irrespective of whether any or all of the three substances 
are or are not electrolytes. As yet there are no experimental 

* Zeit. anal. Chem., XI9 287 (1872). 

* Hofmann: Zeit. phys. Chem., 83, 385 (1913). 

® Bancroft: Jour. Phys. Chem., 17, 515 (i9»3)* 

' < Newman: Ibid., x8, 34 (1914)* 

‘ Jour. Phys. Chem., 17, 390 (1913)* 
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data on this point; but it seems probable that a relatively low 
surface tension on the water side of the adsorbed film and a 
relatively high surface tension on the side towards the solid 
will make the film curl so as to tend to peptonize the solid 
as internal phase. If the reverse is the case the solid will 
tend to become the external phase. Neither tendency will 
prevail if the two surface tensions are practically equal. I 
hope to test this before long with pyroxylin and mixed solvents. 

All methods for preparing colloidal solutions can be 
classified either as condensation or as dispersion methods. 
Condensation methods involve precipitation as finely divided 
particles and suitable strong adsorption (including protecting 
colloids) or precipitating agents kept low either by suitable 
choice of reagents or by dilution. Dispersion methods involve 
the washing out of precipitating agents (effective only so long 
as particles are finely divided), the addition of a peptonizing 
agent (suitable strong adsorption), or disintegration by elec¬ 
trical, mechanical, or other means in the absence of a precipi¬ 
tating agent or in the presence of a protecting agent. 

The properties of colloids with water as external phase 
follow readily from the theory outlined. If the suspended 
particles are practically insoluble, there will be no change of 
surface tension, no osmotic pressure and no diffusion except 
what is due to the Brownian movements. If the particles 
are slightly soluble, there will be a slight change of surface 
tension, some osmotic pressiu'e, and some diffusion other 
than that due to the Brownian movements. In so far as the 
colloids are electrical suspensions, they will move to the 
cathode or anode, depending on whether they adsorb a cation 
or anion preferentially. Since we are dealing throughout with 
selective adsorption, we see that at best it can only be a first 
approximation to group all univalent cations together and all 
bivalent cations, etc. As a matter of fact, the data dted by 
Freimdlich^ to show the desirability of such a grouping con¬ 
stitute a still stronger argument against it. The data of 

‘ KapillaFchemie, 351, 352, 367 (1909). 



The Theory oj Colloid Chemistry 


555 


Pappad^^ show that one must discriminate between the differ¬ 
ent alkali metals. We have always put hydrogen and hydroxyl 
ions in a separate class because it was quite impossible to group 
them with the other univalent ions. Potassium and nitrate 
ions do not peptonize silver bromide perceptibly; but silver 
and bromine ions do. The moment we consider the matter 
as one of .selective adsorption, we see that one cannot ignore 
the nature of the anions in solution when we are dealing with 
a negatively charged particle. We have been misled by an 
injudicious selection of salts. As I pointed out at the Cincin¬ 
nati meeting, the theory of selective adsorption enables us 
to predict the reversal of the effects of the anions on the sta¬ 
bility of albumin when one changes from a slightly alkaline to 
a slightly acid solution. 

Positive and negative colloids will, of course, precipitate 
each other when in proper relative proportions, and provided 
adsorption takes place. These precipitates may be pejAonized 
as such under suitable conditions and may then easily be mis¬ 
taken for compounds. The lakes are one instance of this and 
I imagine that aluminum siheate is another, when precipi¬ 
tated in the wet way. 

Since any substance may be converted into a colloidal 
suspension by being subdivided sufficiently,-it follows that we 
may have any number of different colloidal solutions of the 
same thing if we start, for instance, with ferric oxide or alu¬ 
minum oxide having different amounts of water in the particles. 
As a matter of fact we have recognized for years at least two 
different colloidal iron oxides and colloidal aluminas. No¬ 
body knows what we have in the case of the cellulose nitrates. 
If a precipitated suspension agglomerates on standing, it will 
not peptonize Avith the same readiness as before or with the 
same concentration of peptonizing agent. If the agglomera¬ 
tion is accompanied, as it often is, by a change in water con¬ 
tent, we have two variables each of which may have a marked 

' Zeit. Kolloidchemie, 4, 314 (1909); 6, 83 (1910); 9, 136 (i 9 >i). 

* Cf Wi'gclin: Zeit. Kolloidchemie, 14, 65 (1914). 
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effect on the peptonization or apparent solubility. Many 
instances of this are known especially with sulphides and 
hydroxides so-called (including silicic acid). 

No distinction has been made thus far between colloidal 
suspensions and colloidal so^ti^s* because I believe that this 
distinction is an unsound One though I recognized the usefulness 
of it at the time it was made. While we are reasonably sure 
that colloidal gold is a solid and that colloidal oil is a liquid, 
the two behave exactly alike when both are suspended elec¬ 
trically.^ There is no apparent reason why we should put 
hydrous ferric oxide on one side of the line and hydrous stannic 
oxide on the other. I fail to see any fundamental difference 
between a chromic oxide jelly and a silicic oxide jelly. Conse¬ 
quently, I believe that we should drop the terms of suspension 
colloids and emulsion colloids, which are now a hindrance and 
not a help. On the other hand, there is a difference between 
a colloidal solution in which the more mobile phase (usually 
water) is external phase and one in which the water is internal 
phase. 

I have already pointed out the properties of colloidal 
solutions with water as external phase and I will now take up 
the case where the more mobile phase is internal. We must 
have a honeycomb structure and we may, therefore, get a 
distinct change in surface tension and in viscosity. In so far 
as the less mobile phase is practically insoluble in the other we 
shall get no appreciable osmotic pressure. We get these 
phenomena to a marked degree with gelatine and I conclude 
that gelatine is usually the external phase in a so-called aqueous 
solution of gelatine.* These two types, which correspond to 
a certain extent to the suspension colloids and emulsion 
colloids, are not to be considered as hard and fast things. We 
can change from an emulsion of oil in water to one of water 
in oil by changing the nature of the third component. Under 

^ Noyes: Jour. Am. Chem. Soc., 27, 85 (1905). 

* ElHs: Zeit. phys. Chem., 80, 597 (1912). . 

* This was first suggested to me by Mr. T. R. Briggs three or four years 

ago. 
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peptonization we saw that one adsorbed substance tends to 
peptonize the solid as external phase and another as internal 
phase. It might be very difficult to find a substance that would 
peptonize gold as external phase in water; but there .should be 
no difficulty in changing from one type to the other if we took 
less extreme cases. Concentrated sodium sulphate solution 
flocculates gelatine instead of making it set to a jelly and we 
can get hydrous ferric oxide coming down either as unques¬ 
tionably internal phase or as a jelly in which it probably is 
external phase. Since some of the colloids which form the 
external phase are readily dispersed by water (gelatine for in¬ 
stance), the solutions are fairly stable. All gradations are 
known, however. 

Jellies may have a honeycomb structure, in which case 
the water is internal phase and the gelatinous matter consti¬ 
tutes the external one; or it may have a sponge structure. 
It is usually assumed that in this latter case the water is the 
external phase, apparently because a sponge can be immensed 
completely in water. A moment’s thought will show, however, 
that there is neither external nor internal phase. Each phase 
is continuous and neither is dispersed in the other. This will 
be seen a little more clearly perhaps if we consider a roll of 
wire fence standing out-doors. The fence is continuous and, 
therefore, is not the dispersed phase; but exactly the same is 
true about the air. The general opinion seems to be that most 
jellies are of the sponge type and are formed by the coagulation 
and partial coalescence of a dispersed phase.’ I doubt the 
accuracy of the conclusion. In the benzene-water and oil- 
water jellies, we know that we have a honeycomb structure. 
Wet sand would be a sponge structure if the grains of sand could 
be made to unite at the edges. Actually it is a case of water as 
the external phase. A brick is a solid-and-vapor jelly of the 
sponge type. 

It is quite evident that a solution having a honeycomb 

^Zsigmondy: Zeit. anorg. Chem., 71, 356 (iqij); nachmanii. Ibid., 73, 
125 (1912); Flade: Zeit. phys. Chem., 82, 173 (1913) 
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structure can change readily into a jelly; but I do not see how 
a solution with gelatinous particles suspended in it can become 
a jelly without leaving a liquid layer. It seems to me possible 
to have a liquid layer formed when we have a honeycomb 
jelly; but that we must have a honeycomb jelly whenever there 
is no liquid layer formed. If a honeycomb jelly retains its 
flexibility of walls while drying, it will dry to a varnish. If 
the partially dried jelly takes up water again, it will swell. 
I can see how a honeycomb jelly can swell in water without 
being disintegrated, because the collapsed cells fill with water;' 
but I do not believe that a sponge jelly can do this to any ap¬ 
preciable extent. 

In the foregoing outUne of a working theory of colloid 
chemistry only four postulates have been made, and the first 
three of these will be accepted by everybody without any 
hesitation. 

1. Colloid chemistry differs from ordinary chemistry only 
through the variations resulting from the increasing dispcrsity 
of one or more phases. 

2. Selective adsorption takes place at surfaces. 

3. Sufficiently finely divided particles, which are pre¬ 
vented from coalescing, will be kept suspended in a medium 
by the Brownian movements. 

4. Under fixed conditions of peptonization we get an ap¬ 
proximately definite limiting concentration corresponding 
to a saturated solution in the case of a true solution. 

Cornell University 


Bancroft: Jour. Phys. Cherny 16, 395 (1912). 



ON THE EXISTENCE OF COMPOUNDS IN BINARY 
LIQUID MIXTURES 

BY J. HOWARD MATHEWS AND RAYMOND D. COOKE 

In recent years much work has appeared concerning the 
question of the interpretation of viscosity maxima in binary 
mixtures as indicative of the presence of chemical combina¬ 
tions of the two liquids. As early as 1847 Poiscuille^'’ noticed 
that the viscosity of mixtures of ethyl alcohol and water was 
much greater than that calculated by the rule of mixtures. 
Instead of being a straight line the curve exhibited a decided 
maximum which occurred at a concentration corresponding 
to the equimolecular quantities of the alcohol and water. 
In 1861 Graham’• observed the same phenomenon and re¬ 
ported several similar cases among which were mineral and 
organic acids and aliphatic alcohols in water. Wijkander'’“ 
in 1878 found that acetic acid and water had .a maximum 
viscosity at a composition corresponding to equimolecular 
quantities but that tliis maximum was shifted at different 
temperatures, and as the temperature was raised the curve 
became more flat. In recent years Varenne and Godeffroy'^ 
studied the irregularities in the curve for alcohol and water 
and claimed to detect no less than five hydrates; and in a mix¬ 
ture of alcohol and acetone as many comjjounds of these two. 
In 1912 Denison'-^ pointed out that the actual maximum in 
a curve is not of any significance but that the point to be 
considered is the point which lies farthest from the straight 
line. At this point the effect of mixing the liquids is the great¬ 
est. He also showed that while the points of maximum 
viscosity shift with the temperature, this point of greatest 
deviation does not. The present status of the theory that 
deviations in viscosity are due to the presence of a compound 
is as follows: In case a third substance is present in the mix¬ 
ture, and if this substance has a viscosity widely different 
from that of either of the components, the greatest deviation 
from the straight line will be experienced when there is a max- 
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imum amount of the third substance present. It will be seen 
that this maximum amount will be present when the total 
composition of the mixture is the same as that of the com¬ 
pound, for if an excess of either were present it would change 
the equilibrium and dilute the compound leaving a smaller 
relative amount. There are indeed other forces which will 
affect the viscosity of a mixture so that the point of maximum 
distance from the straight line does not always represent a 
simple empirical formula, but in general it is assumed that 
where there is a decided maximum in the curve a compound, 
either simple or complex, is present. It is the purpose of this 
paper to present an entirely new line of evidence which leads 
to the same conclusion. 

A recent paper by Batschinskii'* shows some interesting 
relationships concerning the change of velocity of pure liquids 
with the temperature. Without going greatly into detail 
in his work we may say that he gives several formulae which 
have been proposed from time to time to connect the viscosity 
of liquids with the temperature, and shows that they have 
not been entirely successful. Instead of using the tempera¬ 
ture as one of the independent variables he uses the specific 
volume of the liquid, reasoning from the assumption that 
viscosity is due to friction between the molecules and there¬ 
fore varies as the distance between the molecules. The 
equation would then stand: 

Const 

Viscosity = ^ 

where v is the specific volume. Here, however, when the 
viscosity is infinite, a physically realizable condition, the 
volume would have to be zero, which is impossible. By in¬ 
troducing a correction for the volume of the molecule similar 
to that in the gas law this objection is avoided. If instead 
of the specific volume we use the difference between the 
specific volume and a constant 00 we obtain: 

_ £_ 

V — 00 


Viscosity (ij) 
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where c is another constant. By a simple transposition we get 

, c 

= 00 _ 

V 

Here the specific volume is a linear function of the fluidity 

or - and the equation lends itself readily to graphic proof. 

If a liquid follows this rule, plotting the fluidity against the 
specific volume should result in a straight line. The constant 
00 is obtained graphically and is the intercept of the line 
with the volume axis. Physically it is the specific volume at 
infinite viscosity and is equal to the average of the volumes 
of the solid and liquid substances at the freezing point. The 
constant c is the tangent of the angle made by the line and 
the fluidity axis and is nearly the same for all liquids, ranging 
from 0.000331 to 0.000647. 

Batschinskii applied this formula to eighty-seven liquids, 
the data for which were obtained from the work of Thorpe and 
Rodger.^^ In all cases of non-associated liquids the equation 
applied. The lines obtained were perfectly straight and the 
values for viscosity obtained experimentally and those calcu¬ 
lated from the equation agreed in all cases within one per¬ 
cent. With associated liquids, however, mainly the organic 
acids and aliphatic alcohols, the curves were distinctly concave 
toward the fluidity axis and the equation did not apply. 

All the pure associated liquids which have been studied give 
curved lines, and since this has been demonstrated for a large 
number of substances it may be taken as a fair criterion of 
association. We have conducted experiments to see if the same 
is true in such liquid mixtures as are generally assumed to be 
associated, and we find this to be the case as the following ex¬ 
periments show. 

For the purpose of this work twenty-four pairs of liquids 
were chosen, the viscosity isotherms for each pair of which 
had been worked out by the previous investigators, as indicated 
below. These isotherms fall into two distinct classes, first 
those which exhibit a decided maximum, into which class 
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nine of the pairs fall; and those in which the intermediate 
values fall between those of the pure components, to which 
the other fifteen belong. In the former class the ratio chosen 
for experiment was that composition which shows the greatest 
deviation from the straight line, that is the proportion in which 
the effect of mixing has been to produce the greatest difference 
between the observed values and those calculated from the 
admixture rule. To this class belong: 

Acetic acid-aniline^ 56-44 percent 

Methyl alcohol-water^® 36- 64 percent 

Propyl alcohol-water"*® 50-50 percent 

Water-acetic acid**® 22-78 percent 

Water-pyridine'*® 33-67 percent 

Acetic acid-pyridine'*® 77“^23 percent 

Ethyl alcohol-water®® 45 ~55 percent 

Chloral-water®® 88-12 percent 

Chloral-ethyl alcohol®® 74.3-25.7 percent 

In the second class the mixtures were made uniformly 50 per¬ 
cent of each component and comprised the following pairs: 

Toluol-benzol®® 

Carbon tetrachloride-chloroform®® 

Nitrobenzene-ethyl acetate®® 

Acetic acid-acetone'*® 

Aniline-acetone^® 

Chloroform-benzol®® 

Carbon tetrachloride-benzol®^ 

Nitrobenzene-benzol®® 

Acetone-ethyl alcohol®® 

Ethyl acetate-benzol®® 

Ethyl alcohol-benzol®® 

P)rridine-aniline^® 

Pyridine-ethyl acetate 
Ethyl alcohol-ethyl acetate 
Ethyl alcohol-methyl acetate 

The shapes of the viscosity isotherms for all of these pairs, 
copied from the curves or plotted from the data in the litera¬ 
ture, are shown in Figs. I and II. 

Purification of liquids; 

Benzol was purified by freezing a considerable amount 
several times, drawing off the liquid portion after each freezing. 
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Toluol was prepared by distillation from phosphorus 
pentoxide, b. p. 109.5° 740 nim. 



Pig. i‘ 


Methyl, ethyl, and propyl alcohols and acetone were 
dried for several days over anhydrous copper sulfate and dis¬ 
tilled. 

Methyl alcohol, boiling point 65°-65.5° at 745 mm. 

Ethyl alcohol, boiling point, 78°-78.2° at 745 mm. 

Propyl alcohol, boiling point, 97 ° at 745 mm. 

Acetone, boiling point, 56°-56.5° at 750 mm. 

Acetic acid was frozen several times in the same way as 
benzol. 


^ In Figs. I and II the curves are not drawn to the same scale. They arc 
reproduced here merely to show the general form of such curves. 





564 J. Howard Mathews and Raymond D. Cooke 

Chloroform was distilled from phosphorus pentoxide. 
Boiling point, 6o.5°-6i° at 730 mm. 
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Pyridine was dried several days over solid KOH, digested 
with potassium permanganate and finally distilled from barium 
oxide, boiling point, 114° at 748 mm. 

The samples of ethyl and methyl acetates at hand were 
found to contain considerable amounts of alcohol. They were 
shaken several times with saturated calcium chloride solution 
to remove the alcohol, dried over anhydrous calcium chloride 
and finally distilled twice from phosphorus pentoxide. 

Ethyl acetate, boiling point, 75°- 76° at 735 mm. 

Methyl acetate, boiling point, 55° 56° at 740 mm. 

Nitrobenzene was distilled and the greater part, boiling 
205.8°-2 o 6 .i ° at 740 mm., was collected. 

Carbon tetrachloride was dried for .several days o\’er an¬ 
hydrous calcium chloride and distilled from freshly ignited 
calcium chloride, boiling point 76“-77° at 735 mm. 

Aniline was redistilled. Boiling point i83°-i84” at 750mm. 

The water used was distilled from a large copper still and 
approximately the middle third of the distillate was collected 
for use. 

The mixtures were all made up by weight in small glass 
stoppered bottles holding about 125 cc, and were kept care¬ 
fully stoppered except when samples were being taken. The 
measurements at zero degrees were made in a large battery jar 
filled with cracked ice and water and surrounded with asbestos. 
No change in temperature could be observed with a thermom¬ 
eter capable of being read to 0.01 °. 

At the higher temperatures, namely 25°, 40°, 55°, and 
70°, a glass thermostat was used. It was heated by means of 
a Simplex electric heating coil immersed in it, the heating 
element being controlled by a toluene regulator and relay. 
It was kept thoroughly stirred at all times when measurements 
were being made and at the higher temperatures the jar was 
surrounded with asbestos to prevent excessive radiation. 
Thermometers standardized by the U. S. Bureau of vStandards 
and reading to one twentieth of a degree were used and the 
maximum deviation in the temperature was never greater 
than one-tenth of a degree. 
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The viscosimeter used was a modified form of the Ostwald 
t3rpe, being provided with means for admitting only dry air 
and not being opened to the air dxuing the time the measure¬ 
ments were being made. This was necessary on account of 
the fact that many of the liquids were quite hygroscopic. 
Five cc of the liquid were admitted to the cleaned and dried 
viscosimeter from a pipette and when sufficient time had been 
allowed for the liquid to attain the temperature of the bath 
five to ten determinations of the time reqxiired for the liquid 
to flow out of the bulb were made and the average of these 
used in the calculations. After each measurement the instru¬ 
ment was rinsed out with alcohol and redistilled ether, and 
dried by drawing a slow current of air through it. The densi¬ 
ties were measured with an Ostwald-Sprengel pycnometer of 
13 cc capacity. 

With the exception of the pairs, Chloral-Water, Chloral- 
Alcohol, and Pyridine-Aniline the data given below were got¬ 
ten by us. The data on the first two are taken from Kurnakow 
and Efremow” and the last from Faust”. 

The following tables give the observed fluidities and spe¬ 
cific volumes of the mixtures named, and in those of the second 
class the .values are given for the fluidities calculated from 
Batschinskii’s equation, and the differences. 


Acetic Acid-aniune 56-44 Percent 


Temp. 

V 

j 

25 

0.92398 

5-49 

40 

0.93816 

12.78 

55 

0.95243 

23 87 

70 

0.96772 

38 -39 

Methyl Alcohol-water 36-64 Percent 

Temp. 

V 

f 

0 

I.0490 

27.31 

25 

X.065I 

63.12 

40 

I 0757 

96.13 

55 

1.0882 

131-8 

70 

X.IOI5 

173-0 
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Propvl Alcohoi,-water 50-50 

Percent 

Temp. 

V 

/ 

0 

I.0824 

13 23 

25 

I.1040 

37 • 20 

40 

I 1 180 

61.48 

55 

I 1326 

88.18 

70 

I 1493 

119 7 

Water-acetic Acid 22 78 Percent 

Temp. 

V 

/ 

0 

0.91848 

19 75 

25 

0.93967 

42 87 

40 

0.95295 

.73 

55 

0.96660 

85 05 

70 

0.98148 

109 0 

Water-pyridine 33 -67 Percent 

Temp. 

V 1 

f 

0 

0.97772 1 

17-55 

25 

0.99926 j 

43.85 

40 

I. 0131 1 

68.03 

55 

1.0274 

95.02 

70 

1.0429 ‘ 

126.2 

Acetic Acid-pyridine 77-23 

Percent 

Temp. 

1 

V 1 

/ 

0 

1 

0.90618 1 

7-79 

25 

0 92718 1 

20 55 

40 

0.94392 j 

33 68 

55 

0.95878 

48.25 

70 

0.97515 1 

65 50 

Ethyl Alcohol-water 45-55 

Percent 

Temp. 

V ' 

/ 

0 

I 0539 

14.42 

25 

1.0742 

42.37 

40 

1.0894 

70.56 

55 

I.1028 

103.2 

70 

I.1181 

145.0 
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Ckwrau-water 88 - 

-12 Percent 

Temp. 

V 

, / 

50 

0.61863 

5-75 

60 

0.62777 

II. 13 

70 

0.63837 

19-95 

85 

0.65364 

37-69 

90 

0.66080 

48.61 

Chloral-ethyl Alcohol 

74.3- 25.7 Percent 

Temp. 

V 

/ 

40 

0.73910 

1 21.02 

45 

0.74367 

1 25.95 

50 

0.74973 

31-24 

60 

0.75706 

43-20 

70 

0.76668 

58 ■ 65 

85 

0.78082 

84-32 



Fig. Ill 
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The curves obtained by plotting the above tabulated 
values as done by Batschinskii are shown in Fig. III. It will 
be seen that they are all distinctly concave to the fluidity axis 
as were those obtained from data on associated pure liquids. 
In the second class are the following: 

T(«.uoi.-bbnzoi. c = 0.000602 00 = 1.0475 


Temp. 

V 

/ obs 

i / calc 

Diff 

0 

1.1222 1 

124.4 

1 24 2 

0 2 

25 

I 15-45 

179 5 

177 8 

-0 7 

40 

1 1748 

216 6 

211.9 

- 4 7 

55 

I.1958 

249-3 

247 0 

—2 3 

7 <> 

1 2184 

284.3 

284 

0.0 

Carhon 

Tetrachloride- 

chloroform 

C = 0 .(X) 052 () 

cc = 0.5750 

Temp. 

i 

/ obs. 

/ calc 

DilT. 

0 

0 63640 

116.8 

. 118 2 ' 

1 4 

25 

0 65660 1 

* 53-8 

156 9 ; 

3 * 

40 

0.66907 

*83.5 

181.0 ! 

“2 5 

55 

0.68245 i 

206 6 

206 6 1 

0 0 

NITROBENZKNE-KTHYI 

Acetate c 

= 0.01x1643 00 

= 0.8910 

Temp. 

V 

/obs. 

j / calc. 

j 1 

Dili. 

0 

0 94528 

84.02 

1 84,4 

0.38 

25 

0.97060 

122.6 

, 123.8 

I . 2 

40 

0,98672 

*53 8 

149 

—4 8 

55 

I (X)3o 

*79.3 

, ^74 

-5.0 

70 

1.0213 

202.9 

202.5 

—0 4 


VcETic Acid-acetone c = o.ock)65i oo = o. 

9985 

Temp. 

V 

/obs. 

/ calc. 

Diff. 

0 

1.0681 1 

104.1 

105 2 

I I 

25 

I.1011 I 

150.1 

* 55-2 

5.1 

40 

1.1215 i 

187.6 

186.3 

—t .3 

55 

*•1430 

219.7 

218.8 

--0.9 

70 

1.1662 

250.8 

253.7 ' 

2 9 
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Aniline-acetone c — 0.000648 00 = 1.026 


Temp. 

V 

/obs. 

/calc. 

Diff. 

0 

I.0722 

70.3 

71-4 

1.1 

25 

I.1002 

113-4 

114.6 

1.2 

40 

I.1221 

146.7 

148-3 

1.6 

55 

I.1400 

176.5 

176.0 

— 0.5 

70 1 

I.1590 

205.2 

205.2 

0.0 


Chloroform-benzol, c = 0.000547 00 = 0.8170 

Temp. 

V 

/ obs. 

/ calc. 

Diff. 

0 

0.88626 

127.2 

126.7 

“-0.5 

25 

0.91242 

176.2 

174-5 

— 1-7 

40 

0.93068 

210.5 

1 207.8 

—2.7 

55 

0.94940 

241.8 

242.3 

0.5 

70 

0.96718 

275 9 

i . 274.9 

0.0 

Carbon Tetrachloride-benzol c 

= 0.000518 00 = 0.8125 

Temp. 

I V 

1 

1 

/ obs. 

/ calc. 

Diff. 

0 

0.86264 

97.12 

96.7 

““ 0.4 

25 

0.88930 

144-2 

148-3 

4-1 

40 1 

. 0.90634 

181.8 

181.1 

-0.7 

55 

0,92370 

212.8 

214.8 

2.0 

NiTROBBNZENE‘BENZOL C == 0.000620 00 = ( 

0-9155 

Temp. 

V 

/obs. 

/ calc. 

Diff. 

0 

0.96267 

76.91 

76.1 

— 0.8 

25 

0.98766 

1143 

116.3 

2.0 

40 

1.0027 

142.8 

140.6 

j —2.2 

55 

1 I. 0175 

166.3 

164.5 

i -1.8 

70 

1.0344 

192.0 

191.8 

— 0.2 

Acetone-ethyl Axcohol c = 

0.000617 = 

= 1.1360 

Temp. 

1 

V 

] 

/obs. 

/ calc. 

Diff. 

0 

1.2169 

129.9 

130.9 

I.O 

25 

! 1-2554 

189.0 

192.8 

3.8 

40 

1 1.2827 

237-9 

237*9 

0.0 
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Ethyl Acetate 

-BENZOL C 

~ 0.000568 00 = 

1.0140 

Temp. 

V 

f obs. 

/ calc. 

Diff. 

0 

I.0984 

149.3 

148:5 

—I . 2 

25 

1.1333 

206.6 

210.0 

3-4 

40 

1 • 1556 

251 2 

249.6 

—1.6 

55 

1.1783 

289.5 

! 289.5 

1 0.0 

Ethyl Alcohol 

-BENZOL C 

= 0.000608 00 = 

1.1130 

Temp. 

V 1 

f obs. 

/ calc. 

Diff. 

0 

I J558 

70.71 

i 70.3 

—0 4 

25 

1.1899 

121.9 

126.4 

i 4.5 

40 

1 2117 

161.3 

162.0 

0.7 

55 

I■2356 

201.5 

201.5 

0.0 



PVRiniNE- 

ANILINE 


Temp 

«' i 

/ obs. 

, / calc. 

Diff. 

0 

0.9756 1 

27.7 

j 

— 

19 

0.9930 j 

48 8 

1 — 

— 

58.6 

1.027 , 

105.0 

j 

— 

100 

I.068 ! 

200.0 


— 

Pyridine-ethyl Acetate c 

= 0.000713 00 = 

= 0.9570 

Temp. 

■■ ■ j 

fobs. 

I f calc. 

Diff. 

0 

1.0446 i 

122.0 

122.9 

0.9 

25 

1.0744 1 

170.0 

i *64.8 1 

-52 

40 

1.0932 j 

194.0 

191 0 i 

-3.0 

55 

I.1131 1 

219.2 

218 8 ! 

- 1) 4 


Ethyl Alcohol-ethyl Acetate c = 0.000633 00 = 1.0930 


Temp. 

V 

/ obs. 

j / calc. 

Diff. 

0 

1.1600 

1 

104.3 

105.9 

1.6 

25 

I•1845 

144.0 

144.6 

0.6 

40 

I.2097 

185.3 

184-3 

“ I.O 

55 

1.2367 i 

226.0 

227.0 

1.0 
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Ethyl Alcohol-methyl Acetate c 

= 0.000614 00 

= 1.0660 

Temp. 

r 

/ obs. ! 

f calc. 

Diff. 

O 

I 1343’ 

I 1 I .2 

111.3 

0. I 

25 

1.1676 

163.2 

165,2 

2 0 

40 

1.1912 

202. I 

203.8 

1.7 

55 

I 2140 

241.4 1 

240.9 

--- 0.5 


The above tabulated values are shown graphically in 
Fig. IV. 

It will be seen that in all cases where the viscosity compo¬ 
sition curve shows a maximum the fluidity volume curve is 
concave to the fluidity axis, and where the former is straight 
or nearly so the latter is also straight. One exception will be 
noticed, namely pyridine-aniline. Here the viscosity isotherm 
is nearly straight and the fluidity volume curve is decidedly 
curved. This may possibly be due to the fact that there is a 
compound formed but if so its viscosity is nearly the same as 
that calculated for the mixture from the mixture rule and there¬ 
fore does not cause a maximum. 

We consider these facts to be additional evidence of the 
existence of compounds in certain liquid mixtures and to sup¬ 
port the theory that viscosity maxima are indicative of the 
presence of compounds. The converse, that the absence of 
a maximum indicates the absence of a compound, is not neces¬ 
sarily true. 

We wish to express our gratitude to Miss E. McDaniel 
for valuable assistance in determining the viscosity isotherms 
for the mixtures, pyridine-ethyl acetate, ethyl alcohol-ethyl 
acetate, and ethyl alcohol-methyl acetate, which had not pre¬ 
viously been worked out, and for determining the viscosities 
of the same mixtures at the different temperatures given. 

The appended bibliography does not purport to be a 
complete list of the work on the subjects covered, but it in¬ 
cludes the most important matter on viscosity of pure liquids 
as far as it applies to chemical and molecular constitution, 
and work on the physical properties of mixtures of completely 
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miscible liquids which had been published up to January i, 

1914. 
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OF LIQUID MIXTURES 
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Boiling point and vapor pressure. 170 to 221 
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THE COPPER LAKES OF EOSIN 

BY HARVEY NICHOLAS GILBERT 

In view of the colloidal nature of the lakes formed by the 
metallic bases with the dye eosin, and the peculiar behavior 
of these lakes under certain conditions, the study of a typical 
eosin lake was undertaken in order to determine whether the 
lake was a definite compound or merely an adsorption complex, 
consisting of the metallic base with the eosin adsorbed in ap¬ 
proximately equivalent amount. 

The eosin lakes were first described by Baeyer in his 
research on the compounds of phthalic acid with the phenols.' 
With the exception of a brief reference to several of these 
lakes by Meyer, ^ no further work has been done with these 
compounds and the colloidal properties of the lakes have never 
been investigated. The lakes are composed of the base, or 
metallic hydroxide, and the acid eosin, both of which are col¬ 
loidal. The bases carry positive charges when suspended in 
water and uiove to the cathode under the influence of the elec¬ 
tric current. The acid, eosin, which is insoluble in water and 
usually is obtained as a gelatinous solid, carries negative charges 
and moves to the anode under the influence of the current. 
In view of the known cases of precipitation of a colloid carry¬ 
ing a positive charge, by a negatively charged colloid in more 
or less definite proportions, it seemed possible that these lakes, 
which were always produced by adding equivalent amounts 
of the metallic salts to the alkali salts of eosin, might be col¬ 
loidal complexes of this natime. 

The lakes of silver, lead, copper, zinc, aluminum, cobalt, 
iron, both ferric and ferrous, manganese and bismuth, were 
obtained as amorphous substances which gave analyses corre¬ 
sponding in general to the normal salt of the dibasic add, 
eosin. In other cases, the amorphous lake thus produced. 


' Liebig’s Ann., 183, 43 (1876). 

‘ Ber. cbem. Ges., Berlin, 39, 3633 (1896). 
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changed over into definite crystalline compounds upon stand¬ 
ing for various lengths of time, and these crystalline compounds 
gave analyses corresponding to the normal salts of eosin. There 
could be no doubt concerning the composition and nature of 
these crystalline salts of calcium, barium, cadmium, nickel, 
and mercury (divalent j. 

The copjjer lake was selected as typical of the class of 
colloidal substances. Baeyer obtained it by precipitating 
a copper sulphate or copper acetate solution, by means of so¬ 
dium eosinate, and he described it as an amorphous, red-brown 
precipitate. The formula for the normal salt, CuC2,)H(iBr4C).r„ 
was assigned to it. In some preliminary experiments with 
this lake when treated with ether, it was found that some eosin 
was removed from the lake by the ether. Other experiments 
on the effect of the addition of alcohol or acetone to the lake, 
gave a light yellow solution and a subsequent separation of 
a light blue solid, presumably copper hydroxide. It was 
with a view to the explanation of these phenomena, together 
with a study of the composition and properties of the lake 
that this work was undertaken. 

Material and Methods of Analysis 

The eosin used was obtained from Merck as “eosin yel¬ 
lowish,” described as the alkali salt of tetra-brom fluorescein. 
Analysis showed it to be the sodium salt of this acid. However, 
all analyses were made on the basis of the (.acid) eosin content, 
and all statements of concentrations are referred to this value. 
It must be borne in mind that the free acid, eosin, is practically 
insoluble in water but soluble in ether, while the alkali salts 
of eosin are soluble in water but insoluble in ether. 

In order to facilitate the work of analysis, a colorimetric 
method was devised. This was possible because of the high 
coloring power of the eosin radical w’hich thus permits the use 
of very dilute solutions. A source of error to be avoided was 
the change of color when reflected light strikes a solution of 
eosin, due to the fluorescence produced. This was rendered 
negligible by using tlie Wolff colorimeter, in which the column 
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of solution is protected from the source of light. It was 
impossible to use electric light, from either the carbon or tung¬ 
sten lamps, as the color of the solutions under these lights 
became a yellowish tint, very difficult to distinguish. The 
question of end-p)oint was very important because of the marked 
change in color of the solution upon dilution. • Sodium eosinate 
in concentrated solution is a dark blood-red colm* which on 
dilution goes through various shades of yellowish red which 
are very hard to follow or to differentiate. However, when the 
solution becomes very dilute, this color change with increased 
dilution is very marked and was found to be most delicate 
when the concentration of eosin (add) is 0.00125 gram per 
liter. At this concentration, the solutiofffis a fine light pink 
. which is rapidly shaded into an old rose with stronger solutions, 
and an equally rapid fading of color is observed on dilution. 
A solution of this strength was, therefore, chosen as the stand¬ 
ard, and all determinations were made by diluting the un¬ 
known solution to this strength, in the usual manner. 

In order to avoid the fading of color due to the action 
of light—which is one of the greatest failings of the dye eosin 
—a solution of Co(N03)s was employed in place of this stand¬ 
ard solution, as'it was found that a solution containing 17.84 
grams of Co(NO*)* per liter, had exactly the same color as 
the standard, and was permanent to light. Accordingly, 
100 cc of this standard were placed in the one cylinder and the 
unknown solution was diluted until the color just matched 
that of the standard. In order to standardize the cobalt 
nitrate solution, a weighed amount of free eosin add was 
treated with ammonium hydroxide and diluted until the color 
was that of the standard cobalt nitrate solution, and from this, 
the amount of eosin produdng the color of the standard solu¬ 
tion was determined. The standard eosin (add) may be 
obtained from an aqueous solution of the alkali salt by add¬ 
ing a slight excess of any strong add and shaking with ether 
in a separatory funnel. The ether removes the eosin completely. 
This ether solution is then evaporated and dried at too** 
in a tared fla^. The residue consists of free eosin and 'is 
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weighed as such. Sulphuric acid was used throughout this 
investigation to bring about the decomposition of the eos>in 
compounds. An example of this is given: 


Sodium eosiuate solution 
Cc 


WeiRhl of cosill 
Gram 


Hosin per cc. 
Gram 


9.88 

14-93 


0.0408 o 00413 

0.0627 o 00420 


In another experiment 10 cc of sodium eosinate solution 
were found to contain 0.0103 gram per cc when determined 
by this gravimetric method, while 10 cc of the same solution 
when analyzed by the colorimetric method, gave 0.0104 gram 
per cc. 'riiis shows a good agreement between the two methods. 
An alcoholic solution of sodium eosinate when diluted directly 
with water, was found to contain, in duplicate determina¬ 
tion, concentrations of 0.004965 and 0.004960 gram of eosin 
per cc. 

In the experimental work which follows, the errors due 
to other conditions of the experiments were usually much 
larger than the limits of accuracy of the method of analysis. 
Checks were made from time to time throughout the work and 
the agreement between the gravimetric and colorimetric 
method was entirely satisfactory. The color is in the eosin 
acid radical and it makes no difference whether the solution 
which is to lx* diluted contains the eosin as the sodium or the 
ammonium salt, although the latter was usually employed 
for convenience. 

The determination of eosin in any of its compounds with 
the metals may be made by decomposing the aqueous solution 
by*means of an excess of acid, sulphuric or nitric, in the pres¬ 
ence of ether. The eosin goes into the ether layer and may 
be then determined colorimetrically as just described. The 
other salts used in this work were c. p. and were obtained from 
Merck. The ether was obtained from Kahlbaum and con¬ 
tained no traces of add. 
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Study of the Behavior of Eosin in Ether Solution toward 
Copper Hydroxide 

It is difficult to obtain copper hydroxide free from water 
when it is prepared by precipitation from aqueous solutions. 
In order to avoid this difficulty the precipitation was made 
from alcoholic solutions of copper nitrate and sodium hydrox¬ 
ide. The copper hydroxide was washed by decantation, 
first with alcohol, to remove the NaNOa which was formed 
by the reaction, and afterwards with ether, which is readily 
miscible with alcohol. This Cu(OH)2 suspension in ether was 
then treated with ether solutions of eosin (acid), in which 
the amount of eosin in constant volume of solution was varied. 
In each case, the amount of Cu(()H)2 was equivalent to 0.0278 
gram of copper and the ether solution of eosin of known 
strength was added to this suspension, contained in a 250 cc 
glass-stoppered Erlenmeyer flask. The mixture was diluted 
to 150 cc and shaken from time to time. After two days 
the supernatant liquid was found to contain no traces of copper, 
and the solutions were analyzed colorimetrically for eosin. 
The solid remaining in the flasks varied in color from a light 
pink to a scarlet as the concentration of the eosin increased. 
The results are shown in Table I. 

Tabi,e I 

Standard eosin solution contained 0.0056 gram per cc 
Theoretical weight of eosin for CtiCOH)* = 0.2786 gram 


Cc of standard 
cosin solution 
diluted to 

150 cc 

Total eosin in 

Total eosin in super- 

Hosin taken up 

original solution 

natant ether solution 

by solid 

Grams 

Grams 

Grams 

1 

0.0056 

None 

0.0056 

5 

0.0279 

0.0057 

0.0222 

10 

1 

0.0557 

0.0342 

0.0215 

15 1 

0.0835 

0.0558 

0.0277 

20 

0.1114 ! 

0.0840 

0.0274 

25 

01393' 

0.1062 

0.0331 

50 

0.2786 ! 

0.2502 

0.0284 


Thus it is seen that although equivalent amounts of 
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Cu(C)H) 2 and eosiii were brought together, approximately 
‘/lo of the theoretical amount was taken up by the Cu(OH)2. 

To show the influence of increase of temperature on this 
equilibrium, equivalent amounts of Cu(()H).! and eosin as 
above, in 150 cc w'ere heated on a water bath for four hours, 
the ether lK*ing retained by using a reflux cfuidenser. 'I'he 
ether solution was then analyzed for eosin. 


>istn in original 
solii t ion 

ICtJsin in resulting 
solution 

Kosin in solid 

Increase 

Gram 

Gram 

Gram 

Gram 

0.2786 

0.2502 

0 02S4 

— 

0.27S6 

0 2429 

0.0558 

0 0074 


From this it is seen that there is very little increase on boil¬ 
ing the CiptlH)-. with ether solution containing an equivalent 
amount of eosin, and that the maximum amount taken up 
in these o|X‘rations is less than one-fifth of the theoretical. 
The curve (.Fig. i) plotted from the values given in Table I, 
gives the typical form for adsorption, although the experi¬ 
mental error is large. Hence there is no good evidence of the 
formation of a definite compound, copper eosinate, under 
these conditions, although the first portion of the curve might 
indicate the formation of a compound, which covered the sur¬ 
face of the Cu(()H) 2 and was insoluble in ether. 

In order to ascertain whether the eosin removed from 
the solution by the Cu(C)H)2 was adsorbed on the surface, 
as the curve seemed to indicate, or whether it was chemically 
combined to form a coating of compound over the surface, 
which then prevented further action, experiments were made 
on the reversibility of this adsorption. The lake is insoluble 
in ether as is shown in these experiments by the absence of 
copper in the resulting solution. A portion of the lake was 
then prepared as described, by treating the CufOH)-. with 
eosin in ether solution. The amount of eosin taken up was 
a definite amount and gave a point on the upper portion of 
the curve. 



592 


Harvey Nicholas Gilbert 


Eosin in original solution i Eosin in resulting solution 
Gram ' Gram 


Eosin taken up 
Gram 


0.2280 


0.1960 


0.0320 


The supernatant ether solution was then removed by de¬ 
cantation and the amount remaining in the mother liquor 
was estimated to be 0.0196 gram since the original volume 
was 150 cc and 135 cc were decanted. The suspension was 
then diluted with 135 cc pure ether and after shaking, allowed 
to settle. On analysis, the supernatant liquid was found to 
contain 0.0210 gram eosin, showing that 0.0014 gram eosin 
had been removed from the lake. This should theoretically 
have given a point which was on the curve. 

When these values are plotted, however, the point is 
found to be above the curve obtained for the adsorption, 
showing that the lake does not give up as much eosin as is 
required for the reversal of the curve. However, it is probable 
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that the Cu(0H)2 had undergone a change in its physical 
condition on standing over this length of time, and an ag¬ 
glomeration of the lake would account for this retention of 
the eosin. 

An analogous case was studied using magnesium oxide 
and eosin in ether solution. In these experiments, 0.07 gram 
MgO was weighed out and placed in a 250 cc glass-stoppered 
Erlenmeyer flask and to this was added the solution of eosin 
in ether. The volume of the solution was 200 cc in each case 
and the eosin content was varied. The flasks were shaken 
from time to time and allowed to stand several days at room 
temperature. The supernatant liquid was then decanted and 
analyzed for eosin by the colorimetric method. It was found 
that the ether solution contained no Mg, so that the change 
in concentration represented the amount of eosin taken up 
by the MgO. The results are shown in Table II. 


Table II 

Theoretical weight of eosin for compound = 1.134 grams 


Eosin in original solution | 
Gram 


0.0046 

0.0230 

0.0460 

O.II50 

0.2300 

0.3450 

0.4600 

0.9200 


Eosin in sui^rnatant 
solution 
Gram 

0.0029 
0.0066 
0.0180 
0.0448 
O. Ilto 
0.1850 
0.2370 
o.6oto 


Eosin taken up by solid 
Gram 


0.0017 
0.0164 
i 0.0280 

; 0.0702 

i 0 .II 20 

I o.1600 

I 0.2230 

0.3120 


When the values for eosin in the resulting solution are plotted 
as abscissas and the amount of eosin taken up by the solid, 
as ordinates, the following curve. Fig. 2, is obtained. This is 
the usual form for adsorption and shows that the MgO takes 
up a continuously varying amount of eosin depending on the 
original concentration, and on that of the eosin in the MgO. 
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Composition of Lake 

When an aqueous solution of CuSOi is mixed with an 
aqueous solution of sodium eosinate, ordinarily, a red-brown 
gelatinous precipitate is formed. This precipitate produced 
by adding equivaleat amounts of CuSO^ and sodium eosinate 
had previously been analyzed and was found to contain copper 
and eosin in equivalent proportions. The formula for copper 
eosinate, CuC*«H*Br406, was, therefore, assigned to it. In¬ 
asmuch as the precipitate so produced, had been obtained by 
mixing equivalent amounts of the two constituents, it was 
decided to vary these prop>ortions and to study the precipitate 
formed when the concentrations were varied. 

The following series of experiments were made by adding 
to 50 cc of a standard solution of CUSO4, a constant volume 
of sodium eosinate solution in which the concentration of the 
sodium eosinate was varied over wide limits. After allowing 
to stand for twenty-four hoitfs, the solutions were decanted 
and this decanted liquid was run through a small filter, the 
first 50 cc of the filtrate being rejected in each case. The 
filtrate was then analyzed for eosin colorimetrically and for 
copper by the electrolytic method. A summary of these 
results is found in Table III. 
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Table III 

t)riginal solution contained 0.0842 gram copper in each experiment 



Ivosin in origiruil 
solution 

Grams 

Hosin in resulting 
solution 
Gram 

, Kosin in precipitate 
Gram 

1 

0,0520 

0 CX>22 

0 049S 

2 

0 (J954 

0 0(321 

0.0933 

3 

0 1901 

0.0019 

0.1882 

4 

0 2778 

0 CK>I I 

0 2767 

5 

0 5730 

0 0033 

0.3697 

6 

0.5200 

0 (X)24 

0 5176 

7 

0.6930 

0 oolS 

0 6912 

8 

0 8670 

0 . 002 C ) 

0 8641 

9 

1 3500 The 

solutions were 

jelly-like anci would 

10 

I . 8000 'j not settle 



Coppt’r in resulting 

Copper m pre- 

Theoretical Cu for 


solution 

cipitate 

eosm in precipitate 


Gram , 

Gram 

Gram 

I 

0.0532 

0.0310 

0. (X)49 

2 

0,0042 

0 0800 

0 0092 

3 

- 0 0630 

0.0212 

0 0185 

4 

0.0462 

0 0380 

0.0272 

5 

; - 

— 

0 0362 

6 

! — 

— 

0.0508 

7 

0.0266 

0.0576 

0.0678 

8 

0.0126 

0.0716 

0.0820 


These results arc only approximate, and have a large 
experimental error, due to the colloidal nature of the lake which 
is formed. Howe\er, they show that the copper and cosin 
tend to be precipitated in equivalent amount, as was found 
by Baeyer. The excess of the copper in the precipitate which 
is formed when a large excess of copper salt was present, is 
to be noted, and will be explained by results obtained in ex¬ 
periments described later. 

Properties of the Lake 

This lake has many remarkable properties which mark 
it as colloidal. Depending upon the conditions under which 
it is prepared, it may remain in suspension and not precipi- 
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tate at all, or it may form as a gelatinous precipitate. It 
is even possible to obtain it as a jelly. Thus, when the lake 
is formed from CUSO4 and sodium eosinate by adding 50 cc 
CUSO4 solution, containing 0.0820 gram copper, to 250 cc. 
of a sodium eosinate solution containing 0.8670 gram eosin 
(equivalent amount), a precipitate is obtained, and the super¬ 
natant solution contains an amount of the lake corresponding 
to 0.0029 gram eosin in 300 cc, or 0.0000097 gram per cc. When 
approximately 1.5 or 2 equivalents of sodium eosinate are 
added under similar conditions, the precipitate remains per¬ 
manently suspended and cannot be cleared even by means of 
a centrifuge. 

If to 25 cc sodium eosinate, containing 0.2008 gram eosin, 
are added an equivalent amount of copper sulphate solution, 
a precipitate is obtained, and this suspension, when diluted 
with 175 cc of water, gives a clear red solution. This solution 
contains 0.00103 gram eosin per cc. 

When lo cc of sodium eosinate solution, containing 0.0428 
gram eosin, were added to 1.31 cc of copper sulphate solution 
containing an equivalent amount of copper, a precipitate is 
formed. This suspension when diluted with 50 cc of water 
gives a hazy, brownish red solution containing no visible 
solid matter. This material passed through the filter although 
the filtrate was still hazy. On the further addition of 40 cc 
of water, a fine, clear red solution resulted, and this con¬ 
tained the equivalent of 0.00428 gram eosin per cc. 

When 25 cc sodium eosinate solution containing 0.1540 
gram eosin, are mixed with 4.71 cc CUSO4 solution containing 
an equivalent amount of copper, a precipitate is formed which 
requires dilution to approximately 250 cc before a dear solu¬ 
tion is obtained. This solution remains fairly clear for one 
week, and contains 0.000616 gram eosin per cc. 

Hence this lake has a variable apparent solubility which 
is difficult to determine accurately because of the colloidal 
nature of the substance and because of the method of forma¬ 
tion. The apparent solubility ranges from about 0.00001 
gram of eosin per cc for the solution in contact with the solid, 
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to 0.0005 gram eosin when the lake is diluted by adding water. 

This lake may also be obtained in the form of a jelly. 
Thus when 10 cc of a solution of sodium eosinate, containing 
0.02748 gram eosin per cc are treated with the equivalent 
amount (0.956 cc) of a 0.4432 K CuS(b solution, a red-brown 
precipitate is formed which is suspended in the water and is 
not unusually viscous. After standing 30 seconds, the sus¬ 
pension begins to darken. In 60 seconds the mass is very 
viscous and in two minutes a jelly-like structure is formed 
which remains in an inverted beaker. Likewise, a jelly is 
formed almost immediately when 2.32 cc CuSOj (^04432 A'j 
is added to 10 cc of a solution of sodium eosinate containing 
0.0666 gram eosin {xt cc. 

The lake does not diffuse through parchment altht)ugh 
when suspensions of equivalent amounts of CuSOj and sodium 
eosinate are placed in the Uulsen parchment thimbles and 
dialyzed for several days with water, a slight j)ink color is 
found in the water. This never amounts to more than 
0.00000125 gram eosin per cc and is probably due to a small 
amount of Na eosinate which is present, as will be ex])lained 
later. The concentration of this amount which diffused tlirough 
was so small that no tests could be made for copper, but it 
is most probably sodium eosinate. vSimilar tests with sodium 
eosinate, which is a definite crj'stalline compound, gave a 
rapid diffusion through the parchment. 

The solution of the lake in water is not much affected by 
salt .solutions. NaCl and NaNOa ha\e little effect on it. 
A solution of NajSO^ tends to produce a precipitate of copper 
hydroxide on long standing. Solutions of CulNO.iVj and 
CuSt)4 producM.* a precipitate from the aqueous suspensions 
of the lake and this precipitate is found to be a mixture of 
Cu(OH)« and eosin (acid). This may be shown by shaking 
the suspension with ether. The greater part of the precipi¬ 
tate is dissolved in the ether, thus showing that a large por¬ 
tion of the precipitate consisted of eosin 'I'he remainder 
of the original precipitate was cHilored light blue and remained 
suspended in the water layer. However, this behavior with 
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salts and the aqueous solution of the lake is not easy to study 
because of the low concentrations, and it will be taken up in 
another form under a different method of treatment. 

Synthesis of the Lain 

It was then attempted to synthesize the lake directly 
from the constituents in water suspension, that is, from eosin 
(acid) and Cu(OH)2. Copper hydroxide is prepared from 
copper salts by the addition of NaOH, and this precipitate 
is washed by decantation several times. Thus prepared, 
it is an amorphous, colloidal precipitate, insoluble in water. 

Eosin was prepared from sodium eosinate by adding a 
strong acid, decanting the supernatant liquid and washing 
the precipitate by decantation. As thus prepared, it is an 
amorphous colloidal precipitate, giving a colloidal suspension 
in pure distilled water. Eosin is completely insoluble in water 
containing slight traces of acid. 

The following experiments were performed by mixing 
suspensions of these two constituents in varying proportions 
as specified, and observing the properties of the resulting 
solutions. The standard suspension of eosin was obtained by 
adding an excess of H2S04 to 308 cc of sodium eosinate, con¬ 
taining 0.01056 gram eosin per cc. The eosin (acid) thus 
precipitated, was washed by decantation and diluted to 700 
cc. The suspension of Cu(OH)2 was prepared by adding a 
slight excess of NaOH to 20 cc CuSO^ solution containing 
0-0399 gram copper per cc. This precipitate was also washed 
by decantation and the suspension was diluted to 700 cc. 

These suspensions were of such concentration that equal 
volumes contained equivalent junounts of copper and eosin. 

No. 1 

50 cc eosin suspension. 

50 cc Cu( 0H)2 suspension -f 200 cc H2O 

Equivalent to 1 molecule of eosin and i molecule Cu(0H)2. 

A thick .suspension was formed and no change was observed in 
two days. On the third day crystals formed on the bottom of the 
beaker and the solution had become clear but red-brown. The 
residue under the microscope was uniformly crystalline, consisting 
of needle crystals. 
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No. 2 

50 cc eosin suspension. 

100 cc Cu(()H)2 + 150 cc H/). 

Equivalent to i molecule eosin and 2 molecules of Cu(OH)2. 

A thick suspension resulted, and after three days a few crystals 
had formed in places on the sides of the beaker; after thirteen days 
more crystals had formed. Under the microscope the residue was 
found to consist of much amorphous matter mixed with a few 
crystals. 

No. 3 

50 cc eosin suspension. 

25 cc Cu(()H) 2 + 225 H2f>* 

Equivalent to 2 molecules of eosin and i molecule of Cu(()ll)2. 

No cr\"stals formed in twenty days. There resulted an orange 
colored suspension, w’hile a red amorphous mass settled in the bottom 
of the iK'aker. This residue showed no cr\ stals under the micro¬ 
scope. 

To show the effect of dilution on the rate of transformation: 

No. 4 

25 cc eosin suspension. 

25 cc Cu(OH)2 + 400 cc Il2(). 

The suspension was almost clear and no residue settled io the 
bottom. No crystals were formed until 21 days, when line long 
needle crystals were obtained. 

No. 5 

25 cc eosin suspension. 

50 cc Cu(OH)2 su.spension 4 * 400 cc 

This gave some amorphous sediment in 24 hours. Xt) change 
from this was apparent until about 21 days when some cr\'stals 
were found by examination of the residue from the bottom of the 
beaker; under the microscope this was found to Ik^ mixed with much 
amorphous matter. 

In order to determine the solubility of tlie lake prepared 
by adding equivalent amounts of CipOH): and eosin, 308 
cc sodium eosinate (0.0324 N) were converted into eosin 
(acid) by adding an excess of H»S()i and washing by decan¬ 
tation. The Cu(OH) 2 was prepared by precipitation from 
20 cc of CUSO4 solution (0.500 N) by means of KOH. with 
subsequent washing by means of decantation. These sus¬ 
pensions were each diluted to 1500 cc and mixed. A red- 
brown cloudy suspension was obtained which did not change 
in 48 hours. This suspension passed through the filter paper. 
When 200 cc of tlie cloudy suspension were diluted to 500 
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cc a clear solution was obtained which contained the equivalent 
of 0.000213 gram eosin per cc. Hence the solubility is of 
the same order as that of the lake prepared by double de¬ 
composition. 

When the above amounts of sodium eosinate and CUSO4 
(equivalents) are each diluted to 500 cc and the solutions 
are mixed, there results an amorphous precipitate resembling 
the synthesized material and this suspension on standing 
fifteen days deposited crystals of the same needle form, which 
were identical with the crystals formed by direct synthesis. 

All these synthetic lakes, upon dialysis with parchment 
paper, gave only a small amount of colored material to the 
water outside of the parchment cup, and this small amount 
was probably due to sodium eosinate which was formed, as 
will be explained later. It may have been due, however, to 
the crystalline copper eosinate, since the amount was not 
greater than the solubility of crystalline copper eosinate in 
water. 

When the lake is freshly prepared by adding the sus¬ 
pensions of eosin and Cu(OH)2 in varying proportions, and 
immediately diluting with water, hazy solutions are obtained 
which may be passed through the filter paper without leaving 
any residue. These results were obtained by using the Cu(OH)j 
and eosin suspensions just described, in the amounts stated 
in Experiments i, 2, and 3. Nos. i and 2 were diluted with 
400 cc of water, while No. 3 required dilution to 600 cc. 

All of these suspensions containing varying amounts 
of copper hydroxide and eosin might be called definite com¬ 
pounds with as much justification as the lake produced by 
copper sulphate and sodium eosinate because, disregarding 
the effect of adsorption, the latter must necessarily contain 
eosin and Cu(OH)2 in equivalent proportions, no matter what 
concentration of CUSO4 or sodium eosinate was employed. 
This is better understood when it is considered that when 
CuSC)4 and sodium eosinate are mixed, if the precipitate con¬ 
tains other than equivalent amounts of copper on eosin 
the resulting solution must become either add or alkaline, 
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and either of these conditions would destroy the lake. Thus, 
if an excess of sodium eosinatc were used, and more than an 
equivalent amount of eosin were taken up by the lake, NaOH 
would be set free. Likewise, if an excess of CuvS04 were used, 
and more than an equivalent amount of Cu were taken up 
by the lake, an excess of HihSO, would result. The lake of 
course is instable in the presence of either of these, since 
copper hydroxide is a much weaker base than sodium hy¬ 
droxide and sulphuric acid is much stronger than eosin acid. 
In the case of these synthetic lakes, therefore, the same be¬ 
havior is observed as in the case of the lake containing equiva¬ 
lent amounts of the constituents, and the com]>osition of these 
lakes may be made to vary at will. 

The rate of transformation from the amorphous to the 
crystalline is hastened by the presence of some copper eosinate 
crystals seeded in”) . liiusiio cc eosin suspension and 
no cc Cu(OH).; suspension, on the addition of a few’ crystals, 
gave crystals in tw’o days and a large amount had deposited 
in three days. The clear, red-brow’n, supernatant liquid 
was decanted and allow’ed to stand 13 days, at which time 
many crystals had deposited from it. 

Some crystals were prepared by adding 100 cc eosin 
suspension to 100 cc Cu(OH)‘2 vsuspension and allowing the 
mixture to stand 23 days. The rCvsidue consisted of a uni¬ 
form mass of crystals. These crystals were dried, analyzed, 
and found to contain eosin and copper in the j)ro])ortion of 
I atom of copper to i molecule of eosin, and, therefore, con- 
vsist of the normal salt of the acid eosin, the formula for which 
is CuC2oH6Br4C)s. 

The transformation of the colloidal copper lake into the 
crystalline form was thus observed for the first time. Simi¬ 
lar phenomena had been observed by Baeyer^ in the case 
of the cadmium lake, which changed over into the crystalline 
form in about eight hours, and in the cases of the nickel, barium, 
calcium, and mercuric compounds. 

^ iviebig’.s Aiui., 183, 43 (1S76). 
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Colloidal sulphur on standing goes over to the crystal¬ 
line form.* 

Recently, a similar phenomenon was observed in the change 
of mercuric sulphide from the colloidal to the crystalline form.* 
Properties of the Crystalline Copper Eosinate 

Crystalline copper eosinate is practically insoluble in 
water, acetone or alcohol. In no case does the solubility 
amount to more than 0.000004 gram eosin per cc. However, 
for some unknown reason, it is more soluble in a mixture of 
equal parts of acetone and water, and in a mixture of equal 
parts of alcohol and water than in the ptire solvents. Rela¬ 
tively large excess of Cu salts or of other salts have no effect 
on the crystalline copper eosinate. It is difficult to decompose 
with acids. When placed in water and shaken with ether, 
it goes entirely into the surface between the two layers, giving 
a film which resembles the purple skin of a grape, by reason 
of the steel blue color of the crystal product itself. The crystals 
are monoclinic. 

The crystalline material, when ground in a mortar under 
water does not show any increase in solubility, as would be 
expected if the lake is composed of an amorphous copper 
eosinate, since these conditions are more nearly approached 
by grinding the crystalline material. 

Behavior of the Lake with Ether 

When the copper-eosin lake is prepared by bringing to¬ 
gether equivalent amounts of sodium eosinate and copper 
salts in aqueous solution and this suspension of the lake is 
shaken with ether, considerable amounts of eosin are found 
to be taken up by the ether. Thus, 40 cc sodium eosinate 
solution containing o.ifi(S8 gram eosin were added to 19.87 
cc Cu(N 03)2 solution, containing 0.0167 gram Cu, and the 
lake was diluted with 15 cc water. 100 cc ether were added 
and the mixture was shaken for one hotu* on a shaking machine. 
The ether solution was found to contain 0.0428 gram of eosin. 

* Raffo: Zeit. Kolloidchemie, a, 358 (1908}. 

* Freundlich atid Schucht: Zeit. phys. Chem., 8 s» (1913)* 
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A duplicate experiment in which the mixture was shaken for 
five hours, removed 0.04284 gram eosin. When this experi¬ 
ment was repeated, using the same amounts of sodium eosinate 
and an excess of copper nitrate corresponding to 15 cc of N/s 
Cu(N 03)2, the ether was found to remove 0.0585 gram of 
eosin. 

Similar results were obtained by treating the lake pre¬ 
pared from CuS<b solution with ether. Thus, when 4.71 
cc CUSO4 solution (0.0505 N) arc added dropwise to 95 cc 
of a sodium eosinate solution containing 25 cc (0.0095 ^') 
sodium eosinate and the suspension is shaken with 100 cc. 
of ether, o.o2tx) gram of eosin is removed by the ether. It 
was also ob.served that when this experiment was repeated, 
by adding the same amount (equivalent) of Cu.Stb, diluted 
to 50 cc, to the sodium eosinate solution diluted to 50 cc, less 
eosin was removed by the ether. In this case the ether con¬ 
tained 0.0180 gram eosin. From these preliminaiy- experi¬ 
ments it was found that eo.sin could be removed from tlie lake 
in aqueous susjwnsion by shaking with ether. This amount 
depends upon the conditions under which the lake is prepared, 
and upon the nature of the original copper salt employed. 
It is also seen that equilibrium is obtained comparatively 
rapidly. 

An experiment w'as then performed to ascertain whether 
more eosin was removed by fresh ether after this first equi¬ 
librium had been obtained. Equivalent amounts of CuSO^ 
and sodium eosinate as described in the preceding experiment, 
were diluted to 50 cc and mixed. The lake was shaken with 
ether and as in the preceding ex|X‘riment, it was found that 
0.0185 gram eosin was removed. This ether solution was 
removed by pipetting off as much as possible and the volume 
was noted. A volume of fresh ether equal to the volume 
removed was then added to the. lake and the suspension was 
again shaken. The eosin in the ether layer was estimated 
and it was found to be practically the same as the amount 
left in the solution which could not be pipetted off. A slight 
increase of 0.0005 gram eosin may have Ixen due to experi- 
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mental error. It is quite evident, therefore, that we are not 
dealing with a reversal of the adsorption of eosin by the lake, 
for if such were the case, the amount removed by the fresh 
ether would probably have been appreciable, although less 
than that obtained by the first washing. 

It was then decided to investigate this removal of eosin 
by means of ether, more thoroughly. In the following ex¬ 
periments, the lake was prepared by precipitation under the 
conditions specified in each case. The precipitation was 
carried on in 250 cc glass-stoppered Erlenmeyer fiasks and these 
were placed, two at a time, in an ordinary milk-shaking ma¬ 
chine and shaken for the specified time. It was found that 
equilibrium was ordinarily reached before one-half hour 
had elapsed. It was found necessary to work with small 
concentrations because when stronger concentrations were 
employed, the ether and water formed an emulsion which was 
very difficult to break down. After shaking, the flasks were 
remov'ed and allowed to stand several hours, in order to allow 
the lake to settle. It is interesting to note, although it does 
not lie within the province of this research, that in a great 
many cases, the lake was found to have gone almost com¬ 
pletely into the ether layer, leaving a slightly colored, clear 
solution in the water layer. After the lake had settled, 
a portion of the ether layer was pipetted off and this solution 
was analyzed for eosin by the colorimetric method. This 
removal of the eosin by the ether was at first thought to be 
due to acid in the ether, although redistilled ether, which 
gave no tests for acid with litmus or methyl orange when tested 
in the prescribed way, was also found to cause the removal of 
the eosin. Experiments were then made, using other liquids 
which dissolve the acid, eosin, and which give a two liquid 
layer system with water. 25 cc of sodium eosinate (0.0095 N) 
were diluted to 50 cc and mixed with 4.71 cc of 0.0505 N 
CUSO4 solution diluted to 50 cc. The resulting suspension 
of the lake was shaken for an hour with too cc of chloro¬ 
form. A dark red emulsion resulted and this did not break 
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down for several hours. The chloroform layer then contained 
0,0123 gram of eosin. 

When this same amount of the lake was shaken with 
icx) cc of benzene, an old-rose colored emulsion was obtained, 
which broke down partially after standing one day. The 
benzene layer was found to contain 0.0089 gram of eosin. 

When this experiment was repeated, using 100 cc of 
CvSo as the second liquid layer, a light pink emulsion w^as 
formed. This emulsion was rather viscous and it did not 
break down appreciably until it had stood for two days. The 
CvSj was found to have removed o.cx348 gram of eosin from the 
lake. This difference in the total amount of eosin removed 
by the solvent may have been due to the different degrees of 
contact of the lake with the solvent. However, it shows that 
the removal of eosin from the lake can be accomplished by 
the use of solvents other than ether. 

The sodium eosinate solution was then mi.xed with the 
ether to see if any eosin was removed. Ten cc of sodium 
eosinate (o.(X)95 .Vj were diluted to 100 cc and shaken with 
ICO cc of ether. The ether layer was found to contain 0.0031 
gram of eosin. When 10 cc. of the sodium eosinate solution 
were diluted to 100 cc using freshly boiled distilled water, 
and shaken with 100 cc of ether, only 0.0016 gram of eosin 
was removed by the ether. This slight amount removed with 
pure di.stilled water was probabh due to impurities in the 
original material it is negligibU' in this work as it is below 
the exj>erimental error. 

From the i)reliminary experiments it was seen that an 
excess of coi)per salt increased the amount of decomposi¬ 
tion of the lake, and the following experiments were j^erformed 
to study further the effect of copper salt on this decomposi¬ 
tion. 

The following results were obtained by varying the amount 
of CuS()4. In each experiment the CUvS()4 and the .sodium 
eosinate were each diluted to 50 cc and 100 cc ether was shaken 
with the mixture. 
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Tablb IV 

Sodium eosinate solution 0.0095 N 
CUSO4 solution 0.0505 N 

Volume of aqueous suspension = 100 cc 
25 cc eosin in each experiment 


Cc. of CUSO4 

j Molecular ratio 
; Copper: Eosin 

t 

i 

Eosin removed 
Gram 

Total cosin 
present 

Gram 

4-71 

1 I 

0.0190 

0.0769 

7.07 

: 1-5 

0.0294 

0,0769 

9.42 

2 

0.0480 

1 0.0769 

10.60 

: 2.25 

0 0657 

i 0.0769 

11.78 

2.5 

0.0735 i 

0.0769 

1413 

3 

0.0760 

0.0769 


From these results, it is seen that almost complete de¬ 
composition is obtained at this dilution by an excess of 1.5 
molecules CUSO4. 

But, at different concentrations of the lake, different 
amounts of decomposition are observed. 1'he following ex¬ 
periments were performed by adding the CuS()4 solution 
directly to the sodium eosinate solution and shaking with 
100 cc of ether. The CUSO4 solution was 0.0505 N, and the 
sodium eosinate solution 0.0095 I'hus the amount of 
the lake was the same as in the preceding experiments, although 
the volume of the suspension was only 30 cc in these experi¬ 
ments. The results are shown in Table V. 

Table V 

Sodium eosinate solution 0.0095 N 
CUSO4 solution 0.0505 N 

25 cc eosin in each experiment 


1 

Cc of CUSO4 j 

Molecular ratio 
Copper : Eosin 
% 

Eosin 

1 removed 

1 Gram 

Eosin from 
' Toble rv 

1 Gram 

j 1 

Total eosin 
Gram 

4.71 1 

1 

0.0125 

i 0.0190 

0.0769 

6.00 

1-25 

0.0446 

‘ 0.0240*** 1 

0.0769 

7.20 1 

1-5 ! 

0.0625 

\ 0.0294 1 

0.0769 

8.25 ' 

1-75 ! 

! 0.0765 

' 0.0380* i 

0.0769 
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The results given in the fourth column arc from Table 
IV and the values marked by the asterisk were obtained by 
interpolation. These results show that the amount of de¬ 
composition increases with increasing concentration of the 
copper salts and that the total amount of copper salt neces¬ 
sary to produce the same amount of decomposition, depends 
on the concentration of the lake in the acjueous suspension, 
'riie same amount of lake was used in the experiments shown 
in I'ablcs IV and V, the dilution of the lake being the only 
factor which was varied. In the more concentrated suspen¬ 
sions, an excess of three-fourths of a molecule of CuSOi pro¬ 
duced complete decomposition of the lake, while an excess 
of one and one-half niolecules of CuSt)4 was necessary to de- 
comp(»se the suspension when it was more dilute. 

The following cxiK'riments shown in Table VI, were made 
to study the effect of an excess of copper nitrate. The lake 


contained 0.0770 gram of eosin in each experiment, which was 
the amount used in the preceding exiH-riments. 



Tabcb VI 

I'tilal cone 
of Cu^NOa^a 
per KX) cc 

Ivosin rc- 
moveti Ijy 
ethcM- 
Oani 

Remarks 

0.022^^ 

0.0446 

0 o6()9 
0.0S92 

0 0240 

i 0.029S 
j 0.0290 

I 0 02 S4 

Blank, containing equivalent copper and 
and eosin + 2 mols. NaNO;, 

1 mol. CidNOa)? in excess 

2 mol. Cu(N()3)2 in excess 

3 mol. CulNtX'ijy in excess 


Thus the decom])osition increases with an increase in 
the concentration of the copper salt, as with the CuStb, 
although in this case, a maximum in the decomposition is 
reached before all the lake is decomposed. 

In all these experiments, it was difficult to understand 
the decomposition produced when exactly equivalent amounts 
of the copper salt and sodium were used, unless this decom¬ 
position was caused by the presence of the sodium salt of the 
acid, which was formed by the reaction. The following ex- 




6o8 


Harvey Nicholas Gilbert 


periments shown in Table VII were performed to study the 
effect of N02804 on the lake: 


Table VII 


The lake contained 0.0770 gram eosin and its equivalent of copper 
in 100 cc H2O 


Total grams 
of SO4 ions 
present 


liosin removed 
by ether 
Gram 


Remarks 


O.OIl 
0.045 
0.079 
o. 148 


o.0250 
0.0440 
0.0520 
0.0520 


Blank, i equiv. Sih 
Equivalent to 3 mols.vSO^ excess 
Equivalent to 6 mols.S04 excess 
Equivalent to 13 mols.S()4 excess 


In the last two experiments, the water layer was colored 
a deep red, probably due to sodium eosinate. The copper 
hydroxide was not colored and floated on the surface between 
the ether and the water layer. This decomposition therefore 
explains the eosin set free when equivalent amounts of sodium 
eosinate and CU‘2vS04 are mixed. 

The following experiments were made to study the action 
of H2SO4 on the lake, and to determine whether the VSO4 ion 
in H2VSO4 had the same effect as in the case of Na2S04. Two 
preliminary experiments were made with sodium eosinate 
and H2SO4. 

No. I 

10 cc .sodium eosinate solution (o.cx:>95 /V), were diluted to 100 
cc and i cc H2SO4 (0.0372 N) was added. Upon shaking with iw 
cc of ether and analyzing the ether layer for eosin, it was found that 
0.0119 gram eosin had been set free from the scKlium eosinate by the 
H2SO4. The calculated amount of eo.sin corresponding to this 
streni^i of H2SO4 is 0.0120 gram. 

No. 2 

10 cc of the sodium eosinate solution was treated as in the 
preceding experiment with 2 cc of H2SO4 (0.0372 A^). 

The amount of eosin set free was 0.0250 gram, and this corre¬ 
sponds exactly to the strength of H2SO4 used. 

These experiments check the strength of the H2SO4 solu¬ 
tion, and show that it decomposes the sodium eosinate solu¬ 
tion quantitatively. 
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Ex|3erimcnts were then made with the copper lake and 
H2S()4 in varying amounts. The lake was prepared in each 
case by diluting 4 71 cc. CuSO^ (o 0505 .V) to 45 cc and 
adding 25 cc of sodium eosinate solution fo 0095 A^} which 
had been diluted to 50 cc. 'Fhe amount of HjSOi (o 0372 N), 
specified in each case, was then added, and after adding 
HsO to make the total volume of the suspension equal to 
100 cc, the suspension was shaken with 100 cc of ether and 
the eosin estimated as before. Inasmuch as a small amount 
of eosin had been shown to be removed from .sodium eosinate 
by ether (due to impuritiesj and since sodium eosinate was in 
excess, this amount was deducted from the results obtained, 
and the values given in Table VTII are the values thus cor¬ 
rected. 



Table VIII 


Cc n2>s()4 

Kosin removed 

Ivo^in cquivalent 
to H2SO4 

1.00 

0 0123 

0 0120 

2.00 

0 0232 

0 

C 

3 0(y 

0 0353 

0 0360 

5 ^ 

0 0320 

0 0600 


I'hese results show that the lake is decomposed quanti¬ 
tatively by the HjSth, as is the case with sodium eosinate. 
'I'he amount of decomposition, and the behavior in general, 
is differetit from the effect of the .same amount of SOi ion 
since the decomjKJsition in this cnise is proportional to the 
amount of SOi ions present. 'I'liis quantitative decomposi¬ 
tion does not necessarily argue for the existence of a definite 
compound of copper and eosin, since the lake would be ex¬ 
pected to behave in this manner if it were an adsorption 
complex consisting of Cu(OH); and eosin in equivalent 
amounts. Thus, in the latter case, H2SO, would act u])on 
the Cu(OH} 2, forming CuSO.,, and the eosin which had been 
adsorbed in equivalent amount would then be set free in the 
same proportion. The possibilities of the decomposition 
being due to hydrolysis of the excess salt, suggested itself. 
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since the salts of weak bases with strong acids give an acid re¬ 
action, due to a difference in dissociation. However, one of 
the products of this hydrolysis of the copper salt would be 
Cu(OH) 2, and after the first portion of the copper hydroxide 
had been produced, in order that the decomposition of the 
lake should proceed to completion, it is necessary to postulate 
that the acid would decompose the copper lake in preference 
to reaching an equilibrium with Cu(OH)2. Th^ seems im¬ 
probable. Another objection is found in the fact that this 
decomposition decreases with increasing dilution, that is, 
the decomposition is less when there is less copper salt present, 
while hydrolysis increases with increasing dilution. A third 
objection to this is found in the fact that an excess of N 0*804 
causes complete decomposition of the lake. This is impossi¬ 
ble on the assumption of hydrolysis, for it may be shown by 
the following experiment that Na2S04 is slightly hydrolyzed 
to give an alkaline reaction. If a Na*S04 solution is treated 
with solid eosin (acid) which is practically insoluble in water, 
a marked increase in color is noted, showing that considerable 
eosin has gone into the water. This increase is due to the 
formation of sodium eosinate from NaOH and eosin. When 
the same experiment is performed with the normal solutions 
of NaCl, NaNOj and sodium acetate, practically no change 
is noted in the NaCl solution. The NaNOi is colored less 
than the Na2vS04 and the sodium acetate is colored a dark 
red. A far more simple and complete explanation for this 
phenomenon is offered on the basis of the assumption that the 
lake consists of eosin absorbed by Cu(OH)j. When salts 
are present, the Cu(0H)2 adsorbs the different ions in differ¬ 
ent amounts, depending on the nature of the anion, and when 
the attraction for the anion is greater than that between 
the Cu( 0H)2 and the eosin, the eosin is accordingly set free. 
In order to check this, experiments were made to determine 
whether the adsorption of other substances by Cu(OH)* 
would displace part of the eosin in proportion to the amount 
which these substances were adsorbed by Cu(OH)j. It has 
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been shown' that colloidal (Cu(OH)2 when precipitated in lo 
percent NaCl, upon standing, gave an alkaline solution con¬ 
taining 0.2772 percent NaOH, and that this was caused by 
the adsorption of the Cl ion by the CufOHjs; leaving the 
Na ions in the solution. .Similar results may be obtained 
with Na2S04, etc. Analogous results were obtained, using 
KCl and other solutions of salts. In a series of experiments 
made by Tommasi- on the stability of Cu(OH); with tempera¬ 
ture, it was found that the blue copper hydroxide became black 
with slight increase of temperature, but that the addition of 
different salts caused a marked increase of stability of the blue 
hydroxide and the temperature at which blackening just be¬ 
gins was determined for a number of salts, among which the 
following arc of interest: 


Table IX 


Sut).''t<incc 


Concentration 

Percent 

Temperature of 
blackening 
(dehydration ,> 

HjO 

— 


0 

/ / 

Na2S04 

10 


79 ° 

KCl 

10 



KBr 

10 


85“ 

Mn.S()4 

Sugar 

10 1 
10/ 

no dehydration even at loo*^ 



If this effect is considered as a measure of the adsorption 
of the ajiion or of the molecule, one could conclude that Br 
is adsorbed more than Cl ion, and the adsorption of MnSOj 
and sugar ought to be very marked. The following experi¬ 
ments were then made to determine the effect of these sub¬ 
stances upon the stability of the lake in the presence of 
ether: 


* Comptes rendus, 92, 453 (i8»U. 

Bull. Soc. chiin. Paris, [2] 37, 197 (1882). 
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Tablb X 

Suspension of lake = 0.077 gram eosin and equiv. Cu 


Substance 

Cone of substance added 

Hosin 

removed 

CuCli 

0.0856 g Cl per 100 cc 

0.0290 

"CuCb" 1 

0.1968 g Cl per 100 cc 

0.0313 

CuBr2 

i 

o.r88o g Cl per 100 cc 

0.0359 

CuBra , 

0.5640 g Br per 100 cc 

0.0625 

Sugar j 

5 g per 100 cc 

0 0250 

MnS( >4 , 

o.i 14 g SO4 per 100 cc 

0.H4 g SO4 from Cu salt 

0.0250 

NaNOa ^ 

0.8832 g NO3 per 100 cc 

0.0240 


Remarks 


Blank (no excess 
CuCl2)_ 

2 mols. CuCl* ex¬ 
cess 

Blank (no excess 
CuBr») 

2 mols. CuBrj ex¬ 
cess 

this amount same 
as blank 

this amount same 
as blank 

5 mols. NaNOs 
excess 


From these experiments it is seen that a marked effect 
on the stability of the lake is produced by relatively weak con¬ 
centrations of the above salts. Copper bromide thus pro¬ 
duces more decomposition than copper chloride, as was pre¬ 
dicted. Furthermore, in the experiment with equivalent 
amounts of these salts, where the sodium bromide and chlor¬ 
ide were formed by the reaction, and the decomposition was 
due to them, the same order was noted. NaNOs produced 
less decomposition than either of these salts. Sugar and 
MnS04 did not produce any decomposition. These results 
are made clear by considering the work of Spring and 
Lucion,' on the decomposition of salts by means of copper 
hydroxide. These workers found that the presence even of 
small amounts of KCl caused a decomposition with a ten¬ 
dency to form compounds varying in composition but con¬ 
taining Cl and copper. They found that KBr was more de- 


‘ Zcit utiorg. Chem., 2, 195 (1892). 
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composed and they described a basic compound, Cu^Br^CuO 
as produced by this action, in which a reduction of some of 
the Cu has taken place. Van Bemmelen and Fremy' found 
that a similar decomposition of salts by means of manganese 
hydroxide was obtained. 'I'hese workers found that more 
decomposition was obtained as the concentration of the orig¬ 
inal solution was increased. The same workers found that 
the same phenomena were obtained by treating nieta-stannic 
acid with the potassium salts of HNOs and H-jSOj; and that 
for the same concentration of KNlb and KoSO), approxi¬ 
mately twice as much decomjmsition was observed in the case 
of the sulphate. Thus the behavior of the lake with salts 
is found to be identical with the behavior of cop]x*r hydro.xide 
and other colloidal ba.scs, and indicates that the copper hy¬ 
droxide is present as such in the copper lake. The decom¬ 
position of the lake as measured by the eosin set free, may 
be explained best on the assumption that the copper hydroxide 
adsorbs the S()^ more readily than the eosin radical and the 
latter is therefore set free. A like explanation is offered in 
the case of the NOj ion, and the known preference for the 
SOi ion over the N();t is shown here also. 

The Cu(()H)j produced by decomposition of the lake 
by shaking with ether and an excess of copper salt, gave the 
following results on analysis; 

The lake contained i molecule of copper sulphate in ex¬ 
cess, which was obtained by ad<ling the etiuivalenl of o 1470 
gram copjx'r to 0.7497 gram eosin in a total volume of 15 cc. 
I'his was shaken for several hours in ether, and the ether was 
replaced by fresh ether as the solution became concentrated. 
A gray-w'hite solid remained in the water layer and this was 
filtered and washed and analyzed for copper. It was found 
to contain 53 6 percent copper. Considerable amounts of 
sulphate were found to be present in the resulting solution, 
although no estimation was attempted. A similar experi¬ 
ment was tried using 3 molecules excess CuSOj and the re- 

^ Jour, prukt. Chuu , 23, 343 



Harvey Nicholas Gilbert 


614 

suiting gray-white solid was found to contain 53.4 percent 
copper. Sulphates were also found to be present. 

Behavior of the Lake with Aeetone 

When the copper lake is prepared by precipitation from 
acetone solutions of Cu(N03)2 and sodium eosinate, a brick- 
red amorphous precipitate is obtained, which is only very 
slightly soluble in the supernatant liquid. JPurther dilu¬ 
tion of this suspension with acetone gives a red-brown solu¬ 
tion which is jjerfectly stable and which is probably colloidal, 
in view of the insolubility of crystalline copper eosinate in 
acetone. The acetone solution is unaffected by an excess 
of copper salt. When the suspension of the lake in acetone 
is mixed with approximately an equal volume of water, the 
suspension clears and a light blue residue is obtained on stand¬ 
ing. This precipitate was found to contain 49.0 percent 
Cu and could not be entirely freed from SO4 by washing— 
it was probably a basic sulphate of copper, or Cu(t)H)2 with 
SO4 adsorbed. Likewise, the suspension of the precipitate 
of the lake in water when diluted with an equal volume of 
acetone gave a light colored solution and Cu(OH)> deposited. 
It was found that when an excess of copper salt was used in 
preparing the lake, more Cu(OH)2 was produced. Identical 
results were obtained by using copper eosinate prepared from 
Cu(N 03) dissolved in alcohol, when this suspension was diluted 
with approximately an equal volume of water. If the sus¬ 
pension of the lake in water were mixed with an equal volume 
of alcohol, a precipitate of Cu(OH)2 was again obtained. 
However, there was less precipitate formed in alcohol than in 
the corresponding cases with acetone. The copper lake pre¬ 
cipitated from alcohol solutions, when diluted with alcohol, 
gave a clear, stable solution, probably colloidal, in view of 
the insolubility of the crystalline copper eosinate in alcohol. 
An analysis of the Cu(OH)2 precipitate showed 49.4 percent 
copper (theoretical for Cu(()H)2 = 65.6); this was probably 
due to considerable sulphate being retained by the precipi¬ 
tate. 
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These results with the lake and acetone may be explained 
as in the case of the ether. The lake is composed of copper 
hydroxide with eosin adsorbed. Changes in the dilution 
with the pure liquid cause no change, because the salt is not 
ionized. When water is added, however, ionization takes 
place and the lake adsorbs the anion. 'I'his sets free the eosiii 
which is in intimate contact with a good solvent and decomposi¬ 
tion proceeds. The same explanation is offered for the be¬ 
havior of the lake with alcohol, and these results argue strongly 
for the existence of Cu(OH)-. in the lake. 

From the results it is seen that the lake produced by the 
action of an ether solution of eosin upon cf)pper hydroxide 
iK'haves as a typical adsorption complex. The amount of 
cosin thus taken up is very much less than the amount held 
by the copper in aqueous suspension, probabl}- due to the 
different physical condition of the copper livdroxide, which 
has probably undergone agglomeration. The lake when syn¬ 
thesized from copper hydroxide and eosin may be made to 
contain proportions of copper and eosin, \arying from two 
molecules of copper and one of eosin, tt) one molecuK* of eoj)per 
and tw'o of eosin. These synthetic lakes behave like the 
ordinary lake produced by supposed doul)le deconip<isilion 
of copper sulphate and sodium eosinate. The synthetic 
lakes, especially those containing approximate!)- equivalent 
proportions of copper and eosin go over, on standing, to the 
crystalline copper eosinate. I'he lake produced from eopj^er 
salt and sodium eosinate also goes over to the cr)'stalline cop¬ 
per eosinate, upon standing. Crystalline copper eosinate 
is a definite chemical compound, and has none of the jiroper- 
ties of the amorphous lake. It is not soluble to any appre¬ 
ciable extent in the solvents which peptonize the lake It is 
not affected by an excess of copper or other salts, which do 
decompose the amorphous lake. The lake produced b\’ add¬ 
ing copper sulphate to sodium eosinate tends to contain eoj)- 
per and eosin in equivalent proportions, although in those 
experiments where an excess of copper sulphate is used, an 
excess of copper is found in the lake. Ihis fact ma) best 
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be explained by adsorption of SO4 by the Cu(OH)2 of the lake, 
with a corresponding precipitation of Cu(OH)2 from the cop¬ 
per originally combined with the SO4. The results obtained 
are best explained on this basis. Thus, when a substance 
is added which Cu(()H)2 adsorbs more readily than it does 
the eosin, the latter is set free. The lake thus behaves in every 
way as an adsorption complex of copper hydroxide and eosin. 
A case which is analogous in practically every respect is found 
in the hydrogel of copper oxide itself. Copper hydroxide 
has been studied by van Bemmelen.' As usually prepared 
by precipitation from copper salts by means of an alkali, 
it consists of copper oxide with varying amounts of water, 
the quantity of the latter constituent has been found to vary 
continuously in amounts decreasing down to CUO.H2O, with¬ 
out any abrupt change in the vapor pressure of the com¬ 
pound, thus proving that the so-called copper hydroxide 
really consists of CuO with varying amounts of H2<> adsorbed. 
Furthermore, a crystalline hydrate was obtained by van Beni- 
melen having the composition Cu(OH)2, and this had many 
different properties from the hydrogel. In view of these 
facts it seems evident that the amorphous lake formed by 
copper salts and sodium eosinate is not a definite compound, 
but rather an adsorption complex consisting of copper hy¬ 
droxide with eosin adsorbed. 

The results of this paper may be summed up as follows: 

1. A colorimetric method of analysis was devised for the 
analysis of eosin compounds. 

2. When magnesium oxide is treated with other solutions 
containing varying amounts of eosin, the typical form of ad¬ 
sorption curve is obtained. 

3. When copper hydroxide is treated with ether solutions 
of eosin in varying amounts, the typical adsorption curve is 
obtained and there is no indication of a chemical compound, 
the total amount of eosin taken up being but one-tenth of the 
amount necessary to form copper eosinate. 


* Zeit. auorg. Chetn., Si 466 (1894). 
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4. The composition of the copper lake produced by cop¬ 
per sulphate and sodium eosinate was studied under condi¬ 
tions in which the concentration of the copper salts was varied 
over wide limits. The precipitate contained an excess of 
copper in the cases where an excess of copper salt was em¬ 
ployed. 

5. It was possible to synthesize lakes from copper hy¬ 
droxide and eosin, which behaved like the original one. These 
lakes could be carried into colloidal solution, and all behaved 
similarly, although the ratio of copper to eosin was varied 
from two molecules of copper to one of eosin. to two mole¬ 
cules of eosin and one of copper. 

6. The transformation of the amorphous lake into crys¬ 
talline copper eosinate was accomplished for the first time. 
The crystalline copper eosinate was formed from the lake pro¬ 
duced from copper sulphate and sodium eosinate, as well 
as from the direct synthesis. 

7. The properties of the colloidal lake were studied and 
compared with the, entirely different behavior of the crystal¬ 
line eosinate. 

8. A study of the apparent decomposition of the lake in 
aqueous suspension by means of ether, showed that the eosin 
was set free from the lake by the greater attraction of the 
Cu(()H)n for the anions of certain salts. These anions are 
adsorbed by the Cu(OH)2, setting free the less weakly ad¬ 
sorbed eosin. I'he order of the decomposition, due to the.se 
adsorbed anions, is the same as is found for other cases of 
adsor])tion ; 

vS( )4''.">Br'>Cl'>NO:/. 

9. The decomposition of the lake by aqueous alcohol 
and by aqueous acetone was studied and may be best ex¬ 
plained on the basis of preferential adsorption of the anions, 
similar to the case of the ether. 

10. The results obtained indicate that the lake produced 
by adding an aqueous solution of sodium eosinate to a solu¬ 
tion of copper sulphate, does not consist of copper eosinate, 
although the copper and eosin are present in equivalent 
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amounts. This lake consists of Cu(OH)2, which from the 
method of formation, contains an equivalent amount of eosin 
adsorbed. 

This work was suggested by Professor Bancroft and has 
been carried out under his direction. The author takes this 
opportunity of expressing appreciation of his many sugges¬ 
tions and kind advice in the work. 

Cornell University 



COOL FLAMES WITH ETHER 

BY ALAN LEIGHTON 

Over thirty years ago, W. H. Perkin' published a paper 
entitled “Some Observations on the Luminous Incomplete 
Combustion of Ether and other Organic Bodies.” 

“When evaporating ether in a shallow vessel on a some¬ 
what strongly heated sand-bath, it is always observed that 
vapors, irritating to the eyes, are formed. Some time since, 
when conducting an operation of this kind, in the evening 
when it was nearly dark, a pale blue flame was seen floating 
about on the surface of the sand, and yet not igniting the ether 
which was being evajxirated. The experiment was repeated 
several times, and always with the same result. This phe¬ 
nomenon, which apfK-ars to have been almost lost sight of, 
has been previously observed. It was first noticed by Sir 
Humphrey Davy,- who found that, when a hot spirally wound 
platinum wire was introduced into a mixture of ether vapor 
and air, it became red hot, and in a dark room a pale phos¬ 
phorescent light was observed above the wire, especially when 
it ceased to glow. Doebereiner noticed the same thing, but 
states that the blue lamlxmt flame ceased when the platinum 
became red-hot. He also remarks that when ether is dropped 
into a retort heated on the sand-bath to loo"^ and upwards, 
or into a platinum capsule exposed to the \ apor of boiling water, 
Leidenfrost’s phenomenon (the spheroidal state) is pro¬ 
duced, accompanied by a blue flame, visible only in the dark, 
and not capable of setting fire to other bodies, tear-exciting 
vapors of lampic acid being formed. As will be seen further 
on, the temperature of ioo°, mentioned by Doebereiner, is 
insufficient to produce the blue flame. Boutigny, in 1837, 
observed that this phenomenon took place equally in a metal 
or porcelain dish, heated to a temperature a little below that 


' Jour. Chem. Soc., 41, (188.^). 

* “Ginclin's HandltiMik of Chemistry.” 8, 179-180 
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of fusing lead, or about 260°, lampic acid being formed at the 
same time. Miller also mentions that the glowing extremity 
of a glass rod or piece of porcelain held over ether, exhibits a 
small blue flame and forms a large quantity of acid. 

“Although the foregoing facts are known, it was thought 
that it would be interesting to make a few more experiments 
on this remarkable kind of combustion, and to see if other 
bodies besides ether were capable of producing the same effect. 

“The temperature at which ether begins to bum with 
this blue flame is about 260°, and any temperature between 
that and a dull red heat may be used. The higher the tem¬ 
perature, however, the more likely is ordinary combustion 
to set in. 

“There are several ways by which this phenomenon may 
be produced on a sufficiently large scale to exhibit at lectures. 
The most simple way is to project ether from a wash-bottle 
onto a thick iron plate heated nearly to dull redness; but it 
is better to use a thick iron dish heated over a Bunsen burner, 
and after the gas has been turned off, or the lamp so screened 
that no light escapes into the room, to make the jet of ether 
play on various parts of the surface; in this way a considerable 
mass of blue flame may be obtained. The best way of show¬ 
ing this flame, however, is to take a copper or iron ball, about 
2 or 3 inches in diameter, provided with an eye, so that it may 
be suspended from a wire, heat it to dull redness, and as soon 
as it has cooled, so as to be nearly invisible in the dark, place it 
over a dish about 4 inches in diameter, containing several 
filter-papers well drenched with ether. As the ball approaches 
the ether, a beautiful blue flame will form, passing over its 
heated surface upwards for several inches. The ball may be 
let right down into the ether without causing ordinary com¬ 
bustion. 

“This peculiar combustion of ether may also be shown 
in a glass tube. A large tube is taken, about 4 cm in diameter, 
60 or 70 cm long, bent at right angles about 15 cm from the 
end, this is fixed with the bend downwards, in a clamp, and some 
ether poured into it, but not sufficient to prevent a free cur- 
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rent of air from passing through the tube. On heating the 
longer arm of the tube with a Bunsen burner, a draught is 
instituted, and when the walls of the tube are sufficiently 
heated, a blue light will be seen on putting out the lamp. 
If the tube be now shaken to increase the volatilization of 
the ether, a blue flame will fill the arm of the lube and issue 
out into the air. It then often enters into ordinary combus¬ 
tion at the opening, and the peculiar effect of the combustion 
of ether in two manners may be seen at the same time; the 
blue flame inside the tube is, however, much masked by the 
luminosity of that outside. The experiment soon afterwards 
comes to an end by the ordinary flame passing down to the 
ether, w'hen it is necessary to close the tube to extinguish it. 

“I'his blue flame from ether has a comparatively low 
temperature. The fingers may be ])laced in it with impunity. 
It will not char ])aper or ignite carbon disulphide, and a lucifer 
match held in it at first becomes only f)hosph()rescent, and is 
some time before it is ignited. Kther vapor burning with 
this blue flame, when in large quantities, or more especially 
w^hen in a confined space, rapidly increases in temperature 
and quickly enters into ordinary combustion.” 

Perkin gives no explanation for the phenomenon and it 
has evidently been misunderstood because Traut/J says that 
the ether must be heated to 260"^ in order to give this flame. 
This cannot be the whole truth because preheating the ether 
would give a hotter flame if all other conditions were the same. 
What Perkin did was to drop liquid ether on a hot surface. 
1'he rapid evaj)oration gave a relatively large amount of ether 
mixed with relatively little air, which was heated to or above 
the ignition point. Since the combustion was slow, the rise 
of temperature was not great. On this basis it should be 
possible to duplicate Perkin’s results without the presence 
of a hot surface, merely keeping the amount of oxygen rela¬ 
tively low and lighting the vapors with a match. This can be 
done by mixing the ether with a non-inflammable but fairly 


Zdt. phys. Chem., 53, 69 (1905)- 
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volatile liquid such as carbon tetrachloride, or by mixing it 
with a non-inflammable gas such as carbon dioxide. The 
form of the experiment differs slightly in the two cases. A 
blue flame can be obtained by putting some carbon tetra¬ 
chloride in a crystallizing dish, adding a little ether, and light¬ 
ing the latter. The hand can be held in this flame with im¬ 
punity and the flame does not light or char paper. If too 
much ether is added, the flame will be yellowish at first and it 
is safer not to put one’s fingers in it until the yellow has dis¬ 
appeared completely. If one puts ether in a narrow glass 
cyhnder, and bubbles in carbon dioxide one gets a mixture of 
ether and carbon dioxide which behaves much like the mix¬ 
ture of ether and carbon tetrachloride. In certain respects 
this is a prettier experiment than the other because one can 
make the flame burn in any part of the cylinder that one 
pleases, by regulating the flow of carbon dioxide. If the 
flame burns at the mouth of the cylinder, it seems some¬ 
what hotter than the flame due to ether and carlx)n tetra¬ 
chloride. 

For experimental purposes, carbon bisulphide can profit¬ 
ably be substituted for ether since it gives a much cooler flame. 
Of course a thermometer held in such a flame does not show 
the true temperature of the flame; but the readings may be 
of interest. With carbon bisulphide and carbon tetrachloride 
in a watch-glass, a thermometer registered 90° if touching 
the liquid and 140° out in the flame. A reading of 220° 
instead of 140° was obtained in time when the mixed liquids 
were poured into a crystallizing dish. With carbon bisul¬ 
phide and COi in a narrow cyhnder a reading of 245 ° was ob¬ 
tained, while a mixture of ether and carbon dioxide gave a 
reading of 300° under the same conditions. 

Since the temperature of the liquid carbon tetrachloride 
cannot rise above the boiling-point of the mixed liquids, one 
gets a striking and harmless experiment by pouring a suita¬ 
ble mixture of carbon bisulphide and carbon tetrachloride 
into the palm of the hand and then lighting the vapors. 

These experiments were suggested by Professor Bancroft. 

Cornell University 
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Photochemistry. By S E Sheppard 14 / nj (m; pp vii -f 461, New 
York: Longmans, Green (o, i(jj i Erne: Sj 50 net -In the i)reface the 
aulhnr says 

“Ill the following pa^es I have endeavored to jnesent a connected, and, 
in a measure, oontimious account of the suhiect of photf>chennstry in its modern 
development rinlication of the scattered elements of this subject is no easy 
task, in view of tlu almost inevitable contiTiRencv of act mo chemical changes 
with other thereby recogm7cd and characterized alterations of material systems 

“There has resulted a delay, not without daiiKcr, in the attainment of mde- 
|)endent status by photo chemistry, having been for so long ancillary to her 
elder sisters, thermo and electro chemistry, so that only l)y a masriuerade, 
moinenloiis both for theory an<l practice, as the science of radio-actnity has 
this Ctndeiella of the sciences been accorded its due recognition 

“There c‘\ists, and is likely to continue, some rhfTcrence of ojimion as to the 
desit ability of iiit'oriiorating a disc'ussion of photo-phvsical and radiation phenom¬ 
ena am! law'^ in a work on tdioto-chemistry Hut neglect of this aspect of the 
(tucstion and too narrow a eircumsc‘rit)ti<m of its domain can only lead to further 
delay m the discrimmalton of a definite bodv of laws lor this science For tins 
reason the jdan has been followed m the piesent work of discussing at some length 
certain intensive studies on cardinal points m photochemical c-hangc rather than 
that (»f eminierating ami recording everv example i>f idioto chemical reaction 
or light-sensitive substance The aim has been to aid students with examples 
of working hvi>othoses helpful in the completer imestigalion of the economv of 
any given photo-chemical reaction 

“As such a working Inpothcsis, the conception that in photo-chernieal 
change singular intermediate complex ums, <ir, spccificallN speaking, veritable 
latent light images. ,ire formed, apiH'ans the most jirornising The singularity 
hivolv'Cs concordance of the reaction oKiei or kinetics of their growth and decay 
with the optical conditions of abs»)rption anti emission, the inteimediacy or 
metastability <»f their constitution implies imperfect coineuieiice of jihoto-chem- 
ical e{|uililirium with the ilienno dynainicallx stalile equilibria t>ossil)le to the 
indetwndent chemical comiioncnts prcMuit 

“ Hvery photo-chemical change is m consecpience virtually photogiaphic, 
the equililirium to which it tends implies, so to say, a radiation proto-ty]ic of 
a colloid, a characteristic organizatiou radiating from a centre, as the unit effect 
possible vSo long as the action is m agreement with the principle of \'iriual 
velocities, the change is reversii)lc, the partial chemical transformations tauto¬ 
meric in type Ihit any acceleration of the temps of the change involves a 
loosening of residual affuiities in the group which may readily lead to an irre¬ 
versible transfer of an electron to a depoUui/cr and conse(iuentlv to a per saltuni 
mutation of the total energy such as the quantum theory of Plaiuk demands. 
Hence the maximum work developable as much contingent on the accommoda- 
tioxi in space iind time of a mutable depolarizer as 011 the nature of the system 
insolated, a point emphasized by Grotthuss and recently reiterat<'rl by Prof. 
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Bancroft. On this view the primary or direct photo-chemical change may 
well be termed catastrophic, and it is only by its coupling with a depolarizer 
and development as an indirect action that the discontinuous nature of the change 
is masked by a slow evolutionary process.” 

The headings of the chapters are: historical; the measurement of light quanti¬ 
ties; the energetics of radiation; economic and energetic relations of actual 
light-sources; the absorption of light; statics and kinetics of photo-chemical 
change, dynamics of photo-chemical change; special photo-chemistry; radiant 
matter and photo-chemical change; the genesis of light in chemical change; 
organic photOvSynthesis. 

The book is a disappointment to the reviewer i)erhaps because he had ex¬ 
pected too much of it. There seems to be no distinct point of view and the 
author has the unfortunate habit of writing page after page in an involved style 
without saying anything definite. Typical instances of this will be found on 
PP- I 55 “J 57 » 227-230, 245-252, 262-263, 266-267, 3*9-323. 350-352. 39*~392. 

As an illustration of this, I quote a rather mild passage, p. 391, from the 
chapter on the genesis of light in chemical change. 

”The extensive technique of the culture and control of flames in detail 
lies outside the purview of this work. But the word ‘culture’ is used deliberately 
to signify that this technique of the study of flames must be necessarily of the 
same order as that of bacteriological and enzyme chemistry. Flames are not 
simple chemical species, but physicochemical entities of almost biological stand¬ 
ing in the characteristic indetermination of their nature. That is to say, they 
are very sensitive mobile equilibria of continuously interacting chemical species, 
in which the act of metathesis is not subordinate to attainment of a static equi¬ 
librium, is not monotropic (in essence, exception being made of extrinsic factors 
which condition practical boundaries or limitations), but is the central and perma¬ 
nent self-reversing condition of their existence. Physically considered, flames 
are analogous, as singularly constituted transition or intermediate stationary 
motions of matter between two different states, apparently heterogeneous with 
each other, but really continuous in the duration of the critical intermediate 
medium, to ‘gels,’ which present intermediate, variably permanent transitions 
of matter between the solid and liquid end-states, and ‘vapours,’ which present 
similar permanent becomings or transitions between the liquid and gaseou.s end- 
states of matter. In flames, the enduring transition of dominant photo-chemical 
interest is that representable by the scheme 

gas electrion or radiant state. 

And so well docs the ensemble counterfeit .immobility that we are likely to 
misapprehend the fact that the mobility of the transition schematized, is the es¬ 
sence of the fact. If we term the pulsation, the to-and-fro movement of an ele¬ 
ment of matter between two alternative, dynamically incompatible phases (such 
as gaseous state liquid state), a 'physis’ or growing, we have in 'gels,’ 
'vapours,’ and 'flames’ virtually finite groups of such physes which may be 
termed 'symphyses,’ expressing the fact of a multiplicity of such items growing 
together syiHonically. And as we speak of the maturation of a gel, the saturalion 
of a vapouTi so we might speak of the naturaHon of flames.” 
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Through a curious slip the author considers the color adaptation of the 
chameleon, p. 335, as a case of Wiener’s color adaptation, though the latter 
applies to substances which tend to assume the color of the incident light, whereas 
the chameleon assumes the color of the ground which he is on. 

Wilder D. Bancroft 

Chemistry in America. By Edgar Fahs .Smith, 14 X 21 cm; pp. vii -h 356. 
New York: D, Appleton &r Co„ IQ14. Price: $2.30 net .—The first chapter o{>ens 
as follows: 

‘’A review of the contributions of Americans to the Science of Chemistry 
would be incomplete without a consideration of the publications made in the 
eiu*licst days in which scientific matters began to interest the people of our coun¬ 
try. Before the United States became a republic, interest in such matters was 
manifested. The memliers of the venerable American Philosophical Society 
w^ere most anxious to foster investigations along all lines of scientific endeavor. 
This is evidenced in a preface to the first volume of the Transactions of that 
S(jciety, published in 17^9, in which the aims of the Society were set forth—to 
seek the best methods of promoting the fertility of land and of protecting trees 
and plants from worms and insects, to improve useful animals, to preserve timber, 
and to ascertain the virtues and use of many plants; and, further, the Society 
expressly states that it will not confine its efforts wholly to these things, nor w ill 
it exclude other useful subjects such as Physics and Chemistry ” 

Papers by de Normandie, J. Madison, and M’Causlin are cited as illustrating 
the earliest contributions of Americans to chemistry. After this come two chap¬ 
ters on the Chemical Society of Philadelphia, followed by cliapters on Wood- 
house, Priestley, Cooper, Maclean, and Robert Hare. A chapter is devoted to 
the Columbian Chemical Society founded in 1811. The tenth chapter deals 
with leading chemists as mineralogists, while the eleventh is taken up with sketches 
of James C. Booth, T. Sterry Hunt, J Lawrence Smith, and F. A Genth, The 
last chapter comes down to the present time with sketches of Wolcott Gibbs, 
Prescott, Johnson, Mallet, Carey Lea, Cooke, and Willard Gibbs 

The book closes with the following paragraphs: 

"The preceding pages contain the most significant efforts of American 
cheinivSts, extending over a f>eriod of a little more than one hundred years The 
results comi)are favorably with those of a like period in the early history of our 
science in any other country. The earliest contributions represented beginnings 
They were carried out when the republic was young. Years of preparation and 
adjustment followed for the new nation, and then years of internal strife; it is 
exceedingly gratifying and encouraging to observe that the scientists of the coun¬ 
try, including the noble guild of chemists, contributed much to bring the national 
resources into prominence and usefulness, as well as to guide the educational 
development of the States. 

"To the Journal of Science, founded by Silliman, were added The Amerimn 
Chemist (1870-, by Charles F. Chandler), the American Chemical Journal (1879-, 
by Ira Remsen), the Journal of Analytical and Applied Chemistry {1887, by 
Edward Hart), the Journal of Physical Chemistry (1896, by Wilder D Bancroft), 
the Chemical Engineer (1904, by R. K. Meade), the Transactions of the American 
lilcctro-Chemical Society, the Transactions of the Institute of Chemical Fngineerb 
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aod the most potent factor in chemical affairs—^thc American Chemical Society, 
with its admirable journals. All these have fostered the growth and development 
of chemistry in this country. 

“The maintenance of well equipped laboratories in the colleges, as well 
as the very palatial structures connected with some of the older universities 
and with the larger state universities, are further evidence of our development 
along chemical lines. 

“ It is not the writer’s purpose to discuss the investigations which have come 
from the many working centers of the United States during recent years, that 
story awaits another narrator; but, if only a desire, on the part of Americans to 
learn more concerning the place which American chemists occupy in the world’s 
history of chemistry, is awakened, this compilation of facts will not only have 
been a pleasure but it will have served a worthy purpose.” 

This is an interesting and valuable book, written in the delightful spirit so 
characteristic of the author. Wilder D. Bancroft 

Intermetallic Compounds. By C. H. Desch, jifff X 22 cm: pp- v -f 116. 
New York: Longmans, Green ^ Co., 1Q14. Price: go cents net —In the introduc¬ 
tion the author says: “In the following sections the occurrence of intermetallic 
compounds as indicated on the equilibrium diagram and determined by the method 
of thermal analysis is first discussed. This is followed by a short note on the 
microscopical control of the thermal indications. An account is given of the 
methods which have been adopted with the object of isolating intermetallic 
compounds in a pure condition, and of their assumed occurrence as native min¬ 
erals. So little success has been met with in this direction, however, that our 
knowledge of the properties of such compounds is mainly derived from a study 
of the alloys in which they occur. The succeeding sections are therefore devoted 
to a consideration of the influence which^ the presence of intermetallic com¬ 
pounds exerts on some of the more important physical properties of alloys. 
It is also shown that the systematic investigation of certain properties, especially 
the electrical conductivity and the thermo-electric power, affords the most deli¬ 
cate means in a large number of cases of determining whether chemical combi¬ 
nation takes place in a given series or not. An account is then given of the scanty 
data which we possess as to the crystallographic characters of intermetallic com¬ 
pounds, and of the evidence for the existence of compounds in liquid alloys, 
and the concluding section reviews the theoretical aspect of the subject.” 

The book is an interesting one and the only serious criticism to be made is 
on the paragraph, in which the author assumes definite compounds as occurring 
in a series of solid solutions. The author says, p. 17, that “the two opposing 
views refer only to the molecular condition of the solid solutions concerned. On 
the one view the metals are present at least in a large part in the form of compound 
molecules, on the other, they are free,” This is quite wrong. The reviewer has 
never stated that the six series of solid solutions in the copper-zinc alloys are 
due to copper and zinc alone. He has taken the ground thafwe have no general 
way of telling what are the constituents of any given series of solutions and 
that it is more profitable to admit our ignorance than to postulate the existence 
of arbitrarily selected compounds. Wilder D* Bancroft 
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The Theory of Heat Radiation. By Max Planck. Translated by Morton 
Masius. IS X 21 cm; pp. v 4 * 22$. Philadelphia: P. Balkiston*s Son & Co., 
IQ14. Price: $2.00 net. —This is a translation of the second German edition. 
In the preface the author says: 

"The main fault of the original treatment was that it began with the classical 
electrodynamical laws of emission and absorption whereas later on it became 
evident that, in order to meet the demand of experimental measurements, the 
assumption of finite energy elements must be introduced, an assumption which 
is in direct contradiction to the fundamental idea of classical electrodynamics. 
It is true that this inconsistency is greatly reduced by the fact that, in reality, 
only mean values of energy are taken from classical electrodynamics, while, for 
the statistical calculation, the real values are used; nevertheless the treatment 
must, on the whole, have left the reader with the unsatisfactory feeling that it 
was not dearly to be seen, which of the assumptions made in the beginning could, 
and which could not, be finally retained 

"In contrast thereto, I have now attempted to treat the subject from the 
very outset in such a way t|||^t none of the laws stated need, later on, be restricted 
or modified. This presents the advantage that the theory, so far as it is treated 
here, shows no contradiction in itself, though certainly I do not mean that it 
does not seem to call for improvements in many respects, as regards both its 
internal structure and its external form. To treat of the numerous applications, 
many of them very important, which the hypothesis of quanta has already found 
in other parts of physics, I have not regarded as part of my task, still less to dis¬ 
cuss all differing opinions." 

The five sections of the little volume are entitled' fundamental facts and 
definitions; deductions from electrodynamics and thermodynamics, entropy and 
probability; a system of oscillators in a stationary^ field of radiation; irreversible 
radiation processes. Wilder D Bancroft 

The Viscosity of Liquids. By A. E. Dunstan and F. B. Thole is X 22 
cm; pp. V 4 - Sg. Longmans, Green & Co., 1914. Prue: go cents net —The sub¬ 
ject is treated under the headings: the development of a working formula, the 
measurement of viscosity; the measurement of the viscosity of pure liquids 
prior to 1895; the measurement of the viscosity of pure liquids subsequent to 
1895; the viscosity of liquid mixtures; viscosity of electrolytic solutions, the vis¬ 
cosity of colloids; the relation between viscosity and chemical constitution, some 
applications of viscosity. 

One reason for making a distinction between measurements of viscosity 
before and after 1895 is that the later experiments were subsequent to those of 
Thorpe and Rodger, The chapter on the viscosity of colloids is interesting both 
for what it does and does not contain There is no discussion at all of what would 
happen if the more viscous phase were the extenial one and yet this is a very 
important matter in the case of true emulsions. On the other hand, the chapter 
docs contain a discussion of the work of Wolfgang Ostw’ald and of Hatschek, 
as well as paragraphs on the projierties of colloidal solutions of soai), nitrocellu¬ 
lose, and rubber. 

In the chapter entitled "Some Applications of Viscosity," the authors say. 
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'*The value of a physical property in the eyes of the average chemist depends 
on its applicability to problems which arise in the various branches of chemistry 
and which sometimes cannot be definitely solved by purely chemical methods. 
Mention need only be made of the application of refractivity and absorption 
spectra to the classical controversies concerning the constitutions of ethyl aceto- 
acetate and of isatin and of the work of Patterson, Lowry, and others on the con¬ 
nection between rotatory power and velocity of chemical reaction. Since vis¬ 
cosity is so highly a constitutive property, it may and has been applied to a 
number of problems arising in physical, inorganic, and organic chemistry, and 
has proved particularly useful in certain cases such as determining the constitu¬ 
tion of the acetaldehyde phenylhydrazones where chemical evidence is not 
available.” Wilder D, Bancroft 

The Sugars and Their Simple Derivatives. By John E. Mackenzie. i 6 X 23 
cm; pp. vii -f 242. Philadelphia: J. B. Lippincott Co,, JQ14. Price: $2 23 net, 
—In the preface the author says: 

“The carbohydrates are among the most important of all chemical com¬ 
pounds, from several points of view. They form thAnain portion of the diet of 
most animals. They are the raw material for many industries. Yet compara¬ 
tively little is known concerning the more complicated carbohydrates, though 
much study has been devoted to them. On the other hand, the simple carbo¬ 
hydrates, the sugars, have been investigated to such effect that the chemical 
configuration of the majority of them has been elucidated. 

”The following pages are based on a course of lectures first given at Birk- 
beck College, Ivondon, in 1903, and subsequently at the University of Edinburgh. 
In addition to students of pure chemistry, others interested in medicine, brewing 
and distilling, sugar manufacture, etc., attended these lectures. On this account 
more attention has been devoted to such subjects as metabolism, fermentation, 
and the manufacture of sugars than would have been the case otherwise. It is 
hoped that the book may serve as a companion to works on physiological chemistry 
and to technological works on brewing, distilling, sugar manufacture and sugar 
analysis.” 

The author discusses the preparation and properties of sucrose, maltose, 
lactose, glucose, and glucosamine. He then takes up the dioses, trioses, letroses, 
pentoses, methylpentoses, aldohexoses, and ketohexoses; after which come twenty 
pages devoted to disaccharides, trisaccharides, tetrasaccharides, and glucosides. 
The last two chapters are entitled fermentation and metabolism. 

The book seems to be a careful compilation of data, with relatively few 
errors. On p. 27 the author says that ”the heat of solution of sugar in water is 
I)ositive for all concentrations at temperatures between 15 ® and 25 but becomes 
negative above 50®. As early as 1680, Boyle observed that a freezing mixture 
could be made by mixing sugar and snow.” There is no necessary relation be¬ 
tween these two sentences and it is a pity that a false impression should be con¬ 
veyed. It is also unfortunate not to distinguish between heat of solution and 
heat erf dilution. The work of Fischer and of Nef is given in considerable detail 
and Hudson’s work on milk sugar has not been overlooked. 

Wilder D. Bancroft 
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BY J. C. BLUCHER AND E. F. FARNAU 

A question which for decades has off and on occupied 
the attention of chemists, industrial and academic, is the 
nature of the process of dyeing. For almost every other 
kind of physico-chemical phenomenon we have formulated 
laws, or invented satisfactory theories and hypotheses. The 
nearest approach yet made to a satisfactory working hyix)thesis 
concerning dyeing is the adsorption theory—one which seem¬ 
ingly throws into the limbo of uselessness the previous theories 
of mechanical entanglement, chemical combination, and solid 
solution. 

Objections to earlier theories of dyeing are numerous 
and valid. 

(1) The mechanical theory assumes that the particles 
of dye are simply entangled in the dyed fibre. Obviously 
this cannot explain why a substance is taken up from true 
solution; moreover, the theory takes no cognizance of the re¬ 
versibility of the equilibrium. This is undoubtedly the weak¬ 
est theory of dyeing yet proposed. 

(2) When we deal with the theory of chemical combination 
of the dye with the fibre we are met by a greater obstacle. 
For in many cases the color of the dyed fibre is in agreement 
with the color of chemical compounds of the dye. But it 
is absurd to think, for instance, that charcoal can exhibit 
both acidic and basic properties when it takes up, in one case 
basic, and in another case acid dyes. Also, for reversible 
equilibrium this theory requires the presence of the components, 
fibre, dyestuff and solvent in four phases—undyed fibre, 
dyed fibre (that is, compound of fibre and dyestuff), solution, 
and vapor—a three-component body in a four-phase state, 
having one degree of freedom, let us say temperature. Then 

' A pai)er read before the Division of Physical mid Inoigaiiic Chemistry 
at the Cincinnati meeting of the American Chemical Society. April, 1914 
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at constant temperature there should be but one concentration 
of dyestuff in the liquid for which the equilibrium would hold. 
This is easily disproved by experiment. 

(3) But by far the most formidable rival with which the 
modern adsorption theory has had to contend is that of solid 
solution. This theory was introduced by Witt’ in 1890-91. 
To support his theory, Witt cited the fact that dyes which 
have a different color in solution from that which they possess 
in the solid state, impart to the dyed substance not the color 
of the solid but that of the solution. Also, fluorescent solutions 
made from non-fluorescent solids give fluorescent dyeing. 
Substantive (or direct) colors were assumed to be shared be¬ 
tween the fibre and the solution in much the same way as re¬ 
sorcinol is shared between water and ether, all of which was 
very fine, but dyes do not seem to obey the laws of distribution 
of substances between two immiscible solvents—laws which 
are shown by the work of Nenist to be quite accurate for di¬ 
lute solutions. Walker and Appleyard''* were largely instru¬ 
mental, by their work on the adsorption of picric acid from 
water and alcohol solutions by silk, in disproving the theory 
of solid solution; and a short review of their work would not 
be out of place. 

When the molecular complexity of the dissolved substance 
is the same in both solvents, there is for simple cases, a constant 
ratio of concentrations when equilibrium is reached, the ratio 
being entirely independent of the amounts of the substance 
and solvents originally taken, provided the solutions be dilute. 
Thus, succinic acid distributes itself between water and ether* 
in the concentration-ratio of 5.2 to i. When, however, the 
molecular complexity of the dissolved substance is not the 
same in the two solvents, there is no constant distribution 
ratio, the latter depending upon the original quantities present. 
But there is a more complex relationship which obtains. If 
the molecular weight of the substance in the first solvent is 

^ O. N. Witt: Farbcrzeituug, 1890-gi, 

2 Walker and Appleyard: Jour. Cbem. Soc., 69, 1334 (1896). 

® Bertbelot and Jungfleisch: Ann. chim. phys., [4) 26, 396 (1872). 
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n times as great as its molecular weight in the second solvent, 
then, when equilibrium is attained, the nth power of the con¬ 
centration in the first solvent will bear a constant ratio to the 
concentration in the second solvent, i. e., c\ jci — K. 

According to the solid solution theory these laws should 
hold good for dyeing. And the formula, c"/c„, = K, should 
hold if the dye possesses different molecular complexity in the 
fibre and in the water, where Cf is the concentration of the dye 
in the fibre, ( the concentration of the dye remaining in the 
dye-bath, and « the ratio of the molecular weight of the sub¬ 
stance in the water to its molecular weight in the fibre. Geor- 
gievics’ and vSehmidt," the former from observations on dyeing 
silk with indigo carmine, the latter from observations on the 
adsorption of picric acid by cellulose and of eosin and malachite 
green by silk, applied the above ratio to the case of dyeing. 
Walker and Appleyard found the relation cf\'c^ — 35.5, to 
hold for picric acid and silk. This entails the consequence 
that the molecule of picric acid in aqueous solution is on the 
average 2.7 times as great as the molecule of picric acid dis¬ 
solved in silk. This, however, cannot be the case, for a con¬ 
sideration of the freezing jM)int and the electric conductivity 
of picric acid solutions indicates that the molecule is not only 
not greater tlian is repre.sented by its molecular formula but 
less than this, owing to the electrolytic dissociation. The 
solid solution theory can receive no support from these experi¬ 
ments. But formulae of the kind mentioned do apply in 
practically all cases of adsorption. 

(4) There remains, then, the fourth theory—namely, 
that of adsorption. 

Numerous investigators have found that the concentra¬ 
tions of the dye in the fibre and in the bath vary continuously. 
Pelet-Jolivet’* finds such to be the case in the adsorption of 
NaOH and H2SO4 and tannin by wool; Walker and Apple- 


^ Georgicvics: Monatsheft fur Cheniie, 15, 707 (1894). 

Schmidt: Zeit, phys. Chein., 15, 60 (1894). 

* Pelet-J<ilivet: '‘Die Theorie des Fiirbeprozcsses” (i9i<^>)- 
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yard* in the adsorption of picric acid by silk; Sanin® in the ad¬ 
sorption of tannin by wool; Georgievics® in the dyeing of silk 
with indigo carmine, and cellulose with methylene blue; 
and Pelet-Jolivet® gives considerable data on the dyeing of 
wool, silk, and cotton with various dyes. Also, the process 
of dyeing is reversible, although sometimes this is not readily 
apparent. No dyed substance will withstand unlimited wash¬ 
ing. 

Although such experiments show the. non-validity of the 
solid solution theory from the standpoint of distribution ratio, 
no explanation was offered to account for the facts advanced 
by Witt, relating to the colors of the dyestuffs taken up by 
the fibre. Jacquemin” demonstrated the dyeing of wool 
and silk by rosaniline base from a colorless ammoniacal solu¬ 
tion; Sisley* also reports that silk is dyed red from colorless 
solutions of magenta in water or toluene, an experiment easily 
verified. And, in general, only the free base or free acid of the 
dyestuff is taken up by the fibre, which nevertheless takes on 
the color of the salt of the dyestuff. 

In order to account for these apparent anomalies, Ban¬ 
croft^ has advanced a stabilization theory of dyeing, in sup¬ 
port of which he cites the facts that, although hydrous copper 
oxide is transfprmed at 100° into black copper oxide, the for¬ 
mer when adsorbed on wool® is stable in boiling water, and that 
hydrous copper oxide in the presence of small amounts of 
manganous salts® is likewise stable at 100°. 

It is the purpose of the present paper to cite further ex- 

^ Walker and Appleyard; Lot', cit. 

* Sanin: Zeit. Kolloidchcmie, lo, 82 (1912)* 

3 Georgievics: Akad. Wiss. Wien., I93i II6, 589 (1894); ^04, 309 

(1895). 

* Pelet-Jolivet: Loc. cit. 

^ Jacquemin: Comptes rendus, 82, 261 (1876). 

* Sisley: Bull, Soc. chim. Paris, [3] 23, 865 (1900). 

’ Bancroft; Jour. Phys, Chem., 18, 118 (1914). 

^ Knecht, Kawson and Locwenthal; Manual of Dyeing,*' 2nd Ed., i, 
59 (1910). 

®Tommasi: Bull. Soc. chim Parts, (a 137 , 197 (1882); Comptes rendus, 
99, 37 (1884). 
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amples of the same type, substantiating the theory that in 
many cases adsorption may appreciably stabilize a substance. 

In a paper read before the Cincinnati Section of the Amer¬ 
ican Chemical Society in 1904, Benedict* unconsciously utilized 
the phenomenon of stabilization in a very delicate test for 
nickel. He found that “if NaOH be added in excess to a 
cobalt solution, a dark blue precipitate is at first formed, which 
is usually regarded as a basic salt. If nickel be entirely ab¬ 
sent, this salt changes almost instantaneously to a bright 
pink compound, viz., the normal cobaltous hydroxide. If, 
however, nickel is present, this change of color is retarded, 
the length of time increasing with the amount of nickel present. 
This test is extremely rapid, yet its rapidity is fully equalled 
by its delicacy. Mere traces of nickel can be detected.” 
Benedict’s assumption of the formation of an intensely blue 
compound, the so-called nickel cobaltite, is not borne out by 
experiment. A larger proportion of nickel does not increase 
the intensity of the blue color, but merely retards the rate of 
its change. to pink. According to the present theory, the 
hydrous nickel oxide stabilizes the blue modification of hydrous 
cobalt oxide. 

The chemical composition of the blue precipitate obtained 
on adding insufficient caustic alkali to cobalt sulphate was 
established by Hantzsch.- After washing with cold water 
until the filtrate was free from sulphates the precipitate was 
found to contain 15 percent of SO4: but four treatments with 
boiling water decreased this without change of color to 4 
percent, corresponding to the formula CofOH)..', 24C0SO4. 
It need scarcely be stated that this is a case of adsorption, 
similar to that observed under like conditions with nickel, 
copper, and magnesium sulphates. In terms of the present 
theory, the adsorbed cobalt sulphate has stabilized the blue 
modification of hydrous cobalt oxide. It is interesting to 
note that Hantzsch assigns to the blue and red modifications 
the structural formulae, CoO— H *0 and Co(OH)2, respectively. 

* Benedict: Jour, Am. Cheni, Soc., 26, 695 (1904). 

* Hantzsch: Zeit. anorg. Chem., 73, 304 (1912). 
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Bayliss' found that hydrous aluminium oxide could be 
dyed red from a blue colloidal solution of the free add of 
Congo red. Hydrochloric add was added to Congo red to 
predpitate the free add, which when diluted formed a blue 
colloidal solution. Freshly prepared hydrous aluminium oxide 
was added. In the cold the colloidal oxide was dyed blue, 
but upon heating the color changed to red. Bayliss accounts 
for the color change on the ground that the blue free add is 
transformed into the red aluminium salt;—and thus reverts 
to the chemical theory of dyeing. According to the present 
theory, the red Congo add, although instable in aqueous 
suspension, is stabilized by the hydrous aluminium oxide. 
Experiments are now under way in which attempts are being 
made to prepare the instable free adds of the acid dyestuffs. 
If these dye the hydrous aluminium oxide the same color as 
the free adds, any objection to the present explanation will be 
removed. 

Tommasi® investigated the effect of salts upon the de¬ 
composition temperatures of blue hydrous copper oxide. 

Upon repeating Tommasi’s experiments with hydrous 
copper oxide and manganous sulphate, we were led to question 
whether the stabilization was a property peculiar to manganous 
sulphate, or whether other salts produced the same effect. 
Accordingly the sulphates of Mn, Zn, Ni, Al, Cr and the chlor¬ 
ides of Co, Mg, and Hg were employed. In all cases, except 
with mercuric chloride, positive and very striking results were 
obtained. 

The method of experimentation was as follows: Normal 
solutions of all the various reagents were used. One cc 
amounts of the copper sulphate solution were measured into 
test tubes from a burette and diluted with 8-io volumes of 
distilled water. Then to each test tube was added exactly 
I cc of the sodium hydroxide solution from a burette, and the 
solution well shaken. A blue, gelatinous hydrous copper 

^ Bayliss: Proc. Roy. Soc., 84, 881 (1911). 

® Tommasi: l/oc. cit. 
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oxide was thus obtained. Then the different amounts of 
“stabilizers” were added in drops from a pipette, and the test 
tubes again shaken. The test tubes were then placed in a 
beaker of boiling water and the results shown in the tables 
were obtained. In each series of experiments a blank test, 
without stabilizer, was made. In every case this showed 
blackening inside of half a minute, thus making the stabilizing 
action of the salts used more striking by contrast. 

Series I (5 Minute.s)— MnS04 
1 cc CUSO4 + I cc NaOH 


MnS04 

Results 

0 drops 

blackened in * 2 minute 

I drop 

very slight darkening 

2 drops 

no change 

3 drops 

no change 

4 drops 

no change 

5 drops 

no change 


Series 11 fio Minutes) — MnSO. 


1 cc CUSO4 + I cc NaOII 

MnSOi 

i 

Results 


o drops ! 

1 drop j 

2 drops i 

3 drops I 

4 drops : 

5 drops 

6 drops 


MnSO, 1 

J 

o drops ' 

3 drops I 

o drops { 

3 drops j 

o drops 
3 drops 


blackened in ^ 2 minute 
blackened appreciably 
trace of blackening 
no change 
no change 
no change 

very sliglit brown tinge 

vSkries III (5 Minutes)— MnvSC)4 
I cc CUSO4 + I cc NaOH 

Results 

deep black in one minute 
no change 

deep black in one minute 
no change 

deep black in one minute 
no change 
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Series IV (lo Minutes)— ^ZnS04 
I cc Cu^4 + I cc NaOH 


ZnS04 Results 

o drops black in Va minute 

1 drop black in lo min. 

2 drops black in lo min. 

3 drops slightly black in lo min. 

4 drops slightly black in lo min. 

5 drops gray in lo min. 

6 drops gray in lo min. 

vSeriks V (5 Minutes)— ZnS 04 
I cc CUSO4 + 1 cc NaOH 

ZnS04 Results 

o drops black in 'A min, 

3 drops no change 

o drops black in V2 min. 

3 drops no change 

o drops black in V2 min. 

3 drops no change 



Series VI (lo Minutes) —NiSO, 


I CC CUSO4 + I cc NaOH 

NiS 04 

Results 

0 drops 

black in V2 min. 

I drop 

appreciable darkening in 2 min. 

2 drops 

no change 

3 drops 

no change 

4 drops 

no change 

5 drops 

no change 

6 drops 

no change 


Series VII (5 Minutes)— NiS04 


i cc CUSO4 4 * I cc NaOH 

NiS 04 

Results 

0 drops 

black in V2 min. 

3 drops 

no change 

0 drops 

black in ftiin. 

3 drops 

no change 

0 drops 

black in V2 min. 

3 drops 

no change 


no change in 5 min. 
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vSeries VIII (10 Minutes)— C0CI2 
I cc CuS()4 + I cc NaOH 


C0CI2 Results 

o drops black in ^'2 min. 

1 drop black in lo min. 

2 drops no change 

3 drops no change 

4 drops no change 

5 drops no change 

6 drops no change 

vSeries IX (5 Minutes)— CoCl- 
I cc CUSO4 + I cc NaOH 

Cods Results 

0 drops black in ‘/2 min. 

2 drops no change 

o drops black in min. 

2 drops no change 

o drops black in ‘ 2 min. 

2 drops no change 

Series X (10 Minutes)—A l2tS()4)3 
I cc CuS()4 + I cc NaOH 
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Cr2(S04)ji 


o drops 

1 drop 

2 drops 

3 drops 

4 drops 

5 drops 

6 drops 


Cr2(S04)3 

o drops 
2 drops 
o drops 
2 drops 
o drops 
2 drops 


Series XII (lo MiNirtEs)—Cr 2 (S 04)8 
I cc CuS04 + I cc NaOH 


Resiults 


black in ‘/i inin. 
black in lo min. 
no change 
no change 
no change 
no change 
no change 

Series XIII (5 Minutes)— Cr2(S04)3 
I cc CUSO4 + I cc NaOH 

Results 


black in ^/2 min. 
no change . 
black in '/2 min. 
no change 
black in V2 min. 
no change 


vSeries XIV (5 Minutes)— MgCl^ 
I cc CUSO4 + I cc NaOH 


MgCl: 

Results 

0 drops 

3 drops 

black in V2 min, 
no change 

Series XV—HgCla 
i cc CUSO4 + I cc NaOH 

HgCh ; 

Results 

0 drops ; 

black in Vs min. 

2 drops 

black in i min. 

3 drops 1 

black in 2 min. 

4 drops 

1 black in 2 min. 

5 drops 

1 black in 2 min. 

6 drops 

1 black in 2 min. 
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Series XVI 

I cc CUSO4 + I cc Naf)H 

NaOH 

■ 

Results 


0 drops 

black in V'2 niin. 

+3 drops 

MnSO^ 3 drops 

brown in V2 min.‘ 

+3 drops 

3 drops 

brown in V'2 min.^ 

+3 drops 

3 drops 

black in V2 niin.^ 

+ 2 drops 

2 drops 

black in i min. 

+ 2 drops 

2 drops 

black in 1 min. 

+ 2 drops 

' 2 drops 

1 CuS()4 3 drops 

black in i min. 


black in 3 min. 


1 CiuSO.! 2 drops 

black in 2 min. 


HCl 2 drops 

black in i min. 


1 ZiiSOi 2 drops 

no change 


NaOH 3 drops 

black in \ 2 min. 


Quite recently, Finch- has investigated the coagulation 
of cupric oxide jellies, and finds that sulphates, but not man¬ 
ganous salts, increase their permanence. It would seem likely, 
therefore, that if coagulation of these jellies is a case of de¬ 
hydration, the dehydration of coagulated hydrous cupric 
oxide with formation of black cupric oxide must be considered 
a matter altogether different. 

Walker and Appleyard made the anomalous observation 
that although silk is not dyed from a benzene or carbon tetra¬ 
chloride solution of picric acid, silk previously dyed from a 
water or alcohol solution and dried, is not faded by benzene 
or carbon tetrachloride. As a tentative explanation Bancroft 
suggests that this is because the silk is not wetted by benzene. 
Our own results on the action of common solvents on fibres 
of silk, observed under the microscope, indicate that silk is 
wetted by these solvents, or by their solutions of picric acid. 
Furthermore, preliminary results on dyeing of silk by picric 
acid from mixtures of organic solvents would seem to indicate 
that it is merely a matter of rate of attainment of equilibrium. 
Silk is quite markedly dyed from solutions of picric acid in 

‘ Kemaiued greenish brown 
* Finch; Jour. Phys. Chera., 18, 26 (1914). 
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carbon tetrachloride contsdning only one percent by volume 
of absolute alcohol. 

The following fairly consistent hypothesis might be sug¬ 
gested to account for this result. Picric add, like most other 
dyes, exists in two forms; in this case the one colored, the other 
colorless. In water or alcoholic solution the two forms are 
in equilibrium, and so reversible equilibrium between the liquid 
and silk exists. But a carbon tetrachloride solution of picric 
acid, at least at ordinary temperatures and at 60°, contains 
so little of the colored modification that reversible equilibrium 
is reached with difficulty. The case of the benzene solution 
is complicated by presence of the benzene-picric add compound, 
but this probably has no dydng properties. One could also 
prophesy the same results with ligroin or chloroform solutions,— 
in fact with any colorless solution of picric add. The effect 
of solvent on tautomeric change is exemplified in the cases 
of nitroso-benzene and the pseudo-nitrols, which as solids 
are colorless, but yield colored solutions. 

Whatever may be the ultimate explanation of this phenom¬ 
enon, its formal classification as a case of stabilization will 
still be valid. 

Summary 

1. The stabilization theory of Bancroft is confirmed by 
further examples. 

2. These include the stabilization of blue hydrous cobalt 
oxide by nickel oxide and by cobalt sulphate, of the red add of 
Congo red by hydrous aluminium oxide, and of blue hydrous 
copper oxide by a number of metallic hydroxides. 

3. Common organic solvents and their picric add solutions 
wet silk. 

4. The apparent irreversibility in dyeing of silk from ben¬ 
zene solution of picric acid is probably a question of tautomer- 
ism as well as of slowness of attainment of equilibrium. 

New York University 
March, IQ14 



THE PHOTOLYvSIS ()E POTAvSSIUM lODATE 


BY J, HOWARD MATHEWS AND HARRY A. CURTIS 

Introduction 

Recently it was noted in this laboratory that potassium 
bromate apparently decomposes quite rapidly in light of short 
wave lengths. A quartz vessel containing a solution of 
potassium bromate and a little starch potassium iodide as 
an indicator became blue on a few seconds’ exposure to the 
light from a quartz-mercury vapor lamp. Potassium chlorate 
and potassium iodate gave the same results. These reactions 
seemed so promising that it was decided to investigate them 
quantitatively if possible. The investigation has led to the 
consideration of several problems in photochemistry, and in 
one direction to a problem quite out of the field of photochem¬ 
istry, as will be indicated below. 

A few preliminary tests soon made it clear that potassium 
bromate alone does not decompose rapidly in solution, and 
that the observed result was due to the oxidation of the po¬ 
tassium iodide by the oxyhalogen salt under the influence 
of light of short wave length. If potassium bromate solution 
were exposed for a few seconds and then removed from the 
light, it would give no blue color upon the addition of the 
potassium iodide-starch indicator. Nor would the starch- 
potassium iodide solution become blue on short exposure, 
although a longer exposure (a few minutes usually) would, 
of course, give blue, due to the well-known photo-oxidation 
of potassium iodide in the presence of air. The mixture of 
the. two salts was far more sensitive to the light than either 
of them alone. The same was found to be true in the case 
of the iodate and chlorate. 

It has been found that this reaction is an excellent one 
for lecture demonstration purposes, esiiecially becau.se of the 
fact that it is not very sensitive to the light of such wave 
lengths as ordinary glass will transmit, 'llie details of this 
demonstration experiment are given below. 
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In the present paper only the photolysis of potassium 
iodate and its reaction with potassium iodide will be considered. 
Similar investigations with potassium chlorate and potassium 
bromate are under way in this laboratory and the results 
will appear later. 

Lecture Demonstration Experiment in Photochemistry 

Dissolve about one-tenth of a gram of potassium iodate 
in five hundred cc of distilled water. Add to this two cc of 
a one percent iodide solution and two cc of a one percent starch 
solution. Pour one-half of this mixture into a three hundred 
cc quartz flask and the other half into a similar flask of ordinary 
glass. Expose the two solutions at equal distances on either 
side of a quartz-mercury vapor lamp. In a few seconds 
the solution in the quartz flask will become a deep blue, while 
the solution in the glass flask remains quite colorless. 

The amounts of reagents may be varied within very wide 
limits, the only effect being to change the time required for 
the appearance of the blue color. For example, the iodate 
used has been varied from o.oor gram to one gram, and the 
iodide from o.oi gram to one gram without changing the re¬ 
sult except as to time. The variations in time required give 
no trouble practically, since the extreme change in the above 
limits was less than a minute using a “ 110-volt” lamp. 

The effect of carbon dioxide on the reaction is large, as 
will be shown below, but with ordinary distilled water no 
trouble from this source has been experienced. 

The Photolysis of Potassium Iodate 

On long exposure to light of short wave lengths, potas¬ 
sium iodate.in solution slowly decomposes, liberating iodine. 
The reaction may be followed by titrating the liberated iodine 
with standard sodium thiosulphate solution. 

In the experiments described below, Merck’s potassium 
iodate was used. This was recrystallized three times from 
distilled water, discarding each time the first portion of crystals 
to separate and the mother liquor. The purified iodate was 
tested for chlorate by converting to the iodide and then ap- 
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plying the chromyl chloride test for chlorine. Negative 
results were obtained on duplicate tests. 

In determining the amount of iodine liberated, a 0.001 N 
solution of thiosulphate was used, this solution being always 
protected from carbon dioxide by a soda-lime tube. It was 
found best to add a slight excess of the standard thiosulphate 
in titrating, and then at once titrate back to a faint blue 
end point with standard iodine solution. In calculating the 
amount of thiosulphate required, a correction was always 
made for the amount of iodine required to give a faint blue 
end point in the volume of solution used. It would be de¬ 
sirable to determine also the amount of iodate actually de¬ 
composed by a direct determination of the potassium iodate 
content of the solution before and after illumination. A 
simple calculation shows, however, that the amount of iodate 
corresponding to the iodine lil)erated is not much larger than 
the unavoidable error which enters in the determination of 
the iodate. It was necessary, therefore, to depend entirely 
upon the iodine liberated as a measure of the progress of the 
reaction. 

In each of the experiments described below, two hundred 
cc of tenth normal potassium iodate solution were used. Be¬ 
cause of the small amount of iodine liberated it was necessary 
to titrate the whole solution after each period of illumination. 
This rendered the investigation rather a long and tedious one. 

Apparatus Used 

The following arrangement of apparatus shown, in part, 
in Fig. I, has proved very satisfactory in studying photochem¬ 
ical reactions in solution. 

The quartz-mercury vapor lamp A, is mounted over a 
water thermostat, B, provided with thermometer, electric 
temperature regulator, etc. The quartz flask C, containing 
the reaction mixture, is mounted as near the lamp as desired, 
and kept at constant temperature by allowing water from the 
perforated ring D, to flow down over it. This water is taken 
from the thermostat and delivered to the perforated ring by 
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a small centrifugal pump, E, driven by an electric motor. 
The reaction mixture in C is agitated by the stirrer F, which 
is driven by the pulley G, the latter being carried on an ex¬ 
tension of the shaft operating the large stirrer in the thermostat. 



When the flask C is to be left open to the air, an ordinary 
glass stirrer may be used. It is often desirable, however, 
to keep the solution in the flask C out of contact with air, 
or satimated with some particular gas. In the latter case 
the excellent device proposed by Plotnikow may be substi¬ 
tuted for the simple stirrer. This device is shown in Fig. 2, 
where the quartz reaction flask C is drawn on a larger scale. 

The apparatus is set up without the mercury in the seal E, 
and the gas to be used is delivered through the tube M until 
all the air in C has been replaced. Mercury is then poured 
in to make the seal, and the three-way cock N is turned so 
as to bring the gas burette O, fllled also with the gas to be 
used, in connection with the flask C. By means of the leveling 
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tube the pressure in the flask C may be kept constant at any 
pressure near that of the atmosphere. If the stirrer be ro¬ 
tated at a high speed, gas will be drawn in through the hole P, 
and thrown out into the liquid, keeping the latter always 
saturated with the gas. 



Rate of Photolysis of Potassium lodate Solution in the 

Presence of Air 

In Table I, and in Fig. 3, are given the data for the pho¬ 
tolysis of tenth normal potassium iodate solution, the flask 
C being left open to the air. Two hundred cc of tenth normal 
iodate solution were used each time, and the temperature 
held at 30°. In titrating with the thiosulphate solution as 
dilute as 0.001 N it is not to be expected that duplicate de¬ 
terminations will 5deld exactly the same titer, nor that a 
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very smooth curve will result when these numbers are plotted 
on as large a scale as has been used in Fig. 3. 



Time in minutes 

cc NajSjOs 

[1 Time in minutes 

I 

\ 

cc NilaSu(),‘« 

61 

8.4 

j! 180 

19.7 

63 

8.2 

240 

27 6 

120 

15 3 

3 (K) 

28,3 

180 1 

19 4 

'• 360 

30.9 


The Influence of Oxygen on the Photolysis of Potassium 

lodate Solution 

In attempting to follow the reaction between a mixture 
of potassium iodate and potassium iodide under the influence 
of light, it was. not possible at first to get concordant re.sults. 
It was finally noticed that the rate of the reaction could be 
greatly increased by shaking the reaction mixture with air 
before insolating it. This fact seemed to indicate that the 
oxygen of the air was disturbing the reaction, and suggested 
at once the possibility that the photolysis of the iodate alone 
was also influenced by air. To decide this point regarding 
the iodate, a solution of potassium iodate was prepared in 
water which had been boiled for an hour and then cooled in 
an atmosphere of pure nitrogen. The reaction flask was 
fitted with a stirrer carrying a mercury seal and was filled 
with pure nitrogen. The iodate solution was then forced 
into the flask and the excess of nitrogen allowed to escape 
through the mercury seal, so that the reaction flask finally 
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contained an air-free solution of potassium iodate under an 
atmosphere of nitrogen. (The rather elaborate apparatus 
for accomplishing the above result is not described, for reasons 
which appear below.) The iodate solution was now imsolated 
for 168 minutes, and it was found that it required ii cc of 
the standard thiosulphate .solution to titrate the liberated 
iodine, whereas the amount interpolated from Fig. 3 for 
168 minutes is about 19 cc. This result apparently indicated 
that air influences the reaction, but it seemed strange that 
the effect was not greater than was actually found. Many 
attempts were now made to prepare an iodate solution so free 
from air that no decomposition of the iodate would occur on 
insolation. Long-continued boiling of the solution under 
reduced pres.sure before illumination would always greatly 
reduce the rate of photolysis, and on two occasions no iodine 
was obtained, although several similar experiments gave 
positive results, the amount of iodine being always very small, 
however. The fact that the decomposition could be reduced 
so nearly to zero seemed to indicate that no decomposition 
would occur if the last trace of air could be removed from the 
solution, but it seemed impossible to do this. As will appear 
later, our efforts were directed toward the removal of a sub¬ 
stance which takes no part in the reaction. 

Finding it impossible to obtain checking results by this 
plan, it was decided to keep the concentration of the oxygen 
constant by keeping the solution always saturated with oxygen. 
The Plotnikow saturation device was, therefore, substituted 
for the ordinary stirrer and pure oxygen used. It was now 
found that no decomposition occurred. The next step was 
obvious; substitution of carbon dioxide for oxygen gave 
positive results at once. 

The Effect of Carbon Dioxide on the Photolysis of Potas¬ 
sium lodate Solution 

Carbon dioxide greatly increases the rate of photolysis 
of potassium iodate in solution. Table II and the solid-line 
curve of Fig. 4 present the data for tlie decomposition of po- 
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tassium iodate in a solution kept saturated with carbon di¬ 
oxide. The broken-line ciu've of Fig. 4 represents the rate 
of photolysis of the potassium iodate when the solution wa.s 
exposed to the air, the curve being here plotted on the same 
scale as used for the solid-line curve. 



Time in minutes | 

CC thiosulphate 

1 Time in ininutes 

cc thiosulphate 

30 ; 

18.3 

180 

59« 

30 

18.4 

180 

63.2 

62 ! 

28.7 

243 

81.1 

62 i 

28.2 


- 

120 1 , 

44-3 

. — 

— 

T22 ‘ 

44-5 

' ~ 



Order of the Reaction when Carbon Dioxide is Present 

Inspection of Fig. 4 shows that the amount of iodine 
liberated is a linear function of the time of insolation, i. 
the reaction apparently does not follow the mass law.^ While 
it is true that the decomposition here is practically linear 
with respect to time of insolation, it is not permissible to 
draw conclusions regarding the order of the reaction from such 
data as are available in Table II, a point which the following 
consideration will make clear: For the two hundred cc of 

^ This case is sometimes loosely expressed by saying that the reaction 
is of the zero order, i. f., the rate of reaction is independent of the concentration. 
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tenth normal iodate solution it would require twenty liters 
of the standard thiosulphate solution to titrate the iodine if 
it were all liberated. Since the maximum amount of thio¬ 
sulphate solution actually required for any titration was less 
than one hundred cc, it is evident that less tlian one two- 
hundredth of the total amount of iodate was decomposed 
during the longest period of insolation, i. c., for the purposes 
of the mass law calculations, the iodate concentration of the 
iodate would be considered as con.stant, and tliis makes the 
rate constant, regardless of the order of the reaction. The 
fact that it is not possible to judge correctly the order of a 
reaction when the amount transposed is very small as compared 
with the total amount present must be especially noted in 
])hotocheniical research w'here, on account of the small effect 
of light on most reactions, the amount of material transformed 
in the photochemical reaction is apt to be but a small fraetioii 
of the total amount present. It was pointed out in our paper 
on the photolysis of hydrogen peroxide' that the decomposi¬ 
tion of the peroxide is a linear function of the time of insola¬ 
tion when the concentration of the peroxide is higher than 
about 1.5 percent, although the reaction is clearly of the first 
order when the concentration is small. 

Knowing the effect of carbon dioxide on the i)hotolysis 
of the iodate, it is now’ j)Ossible to explain the deeomposition 
curve obtained when the flask was left open to the air (Fig. 3). 
'I'he iodate solution would absorb carbon dioxide from the 
air but slowly, while the amount in the solution would grow 
less, since the carbon dioxide is certainly used in the reaction. 
The rate of photolysis would, therefore, decrease, a fact w’hich 
was very puzzling when the data for Fig. 3 were first obtained. 
By keeping the solution always saturated with carbon dioxide, 
this factor became constant and the decomposition curve 
then became a straight line, as was to be expected from the 
relatively small amount of decomposition. 


‘ Jour. l»hys. Cheni., 18, 166 (1914). 
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The Reaction between Potassium lodate, Potassium Iodide 
and Carbon Dioxide in the Absence of Light 

From a solution containing both potassium iodate and 
potassium iodide, carbon dioxide at once liberated iodine. 
This fact is not often mentioned in the literature, and has 
been entirely neglected in certain investigations of the re¬ 
action between these salts in the presence of other acids. 
For example, Dushman,* in his study of the reaction between 
these salts in the presence of acetic acid, kept all his solutions 
under an atmosphere of carbon dioxide and must, therefore, 
have had the effect of carbonic acid superpo.sed upon that 
of acetic acid. In fact, with carbon dioxide in the solution 
the acetic acid may be omitted entirely and the reaction will 
still proceed rapidly. We have studied the reaction be¬ 
tween potassium iodate, potassium iodide and carbon dioxide; 
the results of this investigation will appear later, since they 
do not fall under the head of photochemical research with 
which the present paper deals. The investigation is men¬ 
tioned here because of its bearing on the problem of the pho¬ 
tolysis of potassium iodate, since a knowledge of the reaction 
between potassium iodate and potassium iodide in the presence 
of carbon dioxide makes it possible to formulate what appears 
to be a logical explanation of the photolysis of potassium 
iodate and the influence of carbon dioxide upon this reaction. 

Theory of the Photolysis of Potassium lodate in a Solu¬ 
tion Containing Carbon Dioxide 

Potassium iodate decomposes under the influence of 
light, yielding oxygen and potassium iodide. The ■ iodide 
formed is at once oxidized by the potassium iodate in the 
presence of the carbon dioxide. In a solution saturated 
with carbon dioxide, the speed of the second reaction is far 
higher than that of the first, so that the reaction velocity 
measured will be that of the photolysis of potassium iodate. 
The equations might be written: 

KIOs = KI -f 3O 

5KI + KIO3 -f 6CO2 -f aHjO = 6KHCO, -t- 61 


Jour. Phys. Chem., 8, 453 (1904). 
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If this theory bo the correct one, oxygen should be liber¬ 
ated, and even though the amount of potassium iodate de¬ 
composed be small, there should be an appreciable volume 
of oxygen liberated. To test this point experimentally, 
a solution of potassium iodate was insolated in a quartz flask 
so arranged as to collect any gas which might be liberated. 
When this was done, there was a slow but steady accumula¬ 
tion of gas which on testing was found to be insoluble in so¬ 
dium hydroxide solution but readily soluble in alkaline pyro- 
gallol. 

Concerning^ the Influence of Light on the Reaction between 
Potassium Iodate and Potassium Iodide in the 
Presence of Carbon Dioxide 

Light increases the speed of this reaction, but it has not 
been possible so far to make any progress toward a quanti¬ 
tative examination of the reaction. The number of variable 
factors is so large as to make the problem extremely complex. 
Potassium iodide alone is decomposed by light, the reaction 
being afTected by oxygen and possibly also by carbon di¬ 
oxide; potassium iodate is decomposed by light, the reaction 
being afTected by carbon dioxide; potassium iodate and po- 
tavSsium iodide react if carbon dioxide be present, the re¬ 
action being conditioned by at least three concentrations. 
Combine all these variables in one reaction, and then add 
the elTect of light on the whole mixture, and the problem 
becomes so complex that progress toward a quantitative 
study of the photochemical reaction involved seems almost 
hopeless. The reaction, however, is an excelU*nt one for dem¬ 
onstrating the role of wave length in jfliotochemical reactions, 
as has been pointed out. 

Summary 

1. An apparatus suitable for the study of photochemical 
reactions in solution has been described. 

2. A lecture demonstration experiment suitable for show¬ 
ing the role of wave length of the light used in photochemical 
reactions has been described. 
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3. The photolysis of potassium iodate in solution has 
been studied quantitatively, with the results enumerated 
under Nos. 4, 5, 6, 7, below. 

4. When the photolysis of potassium iodate is carried 
out with the solution exposed to air, the rate of photolysis 
slowly decreases. 

5. Iodine is not liberated when the insolated solution 
is kept saturated with oxygen. 

6. Carbon dioxide greatly increases the rate of photolysis 
of potassium iodate in solution. 

7. The rate of photolysis of potassium iodate in a solution 
kept saturated with carbon dioxide is linear when the amount 
of iodine liberated is small compared with the total amount 
present in the iodate. Under such circumstances it is not 
possible to determine correctly the order of the reaction in¬ 
volved. 

8. A theory of the way in which the photolysis of potas¬ 
sium iodate occurs has been suggested. 

9. Light accelerates the reaction between potassium 
iodate, potassium iodide and carbon dioxide, but the reaction 
is very complex in the presence of light and has not been 
investigated quantitatively. 

Note. —Since preparing the above article for publica¬ 
tion, the paper by OerteP on the photolysis of chlorates, 
bromates and iodates has come to our attention through the 
pages of Chemical Abstracts, the original article having escaped 
our notice. Oertel has pursued the investigation along quite 
different hues from those followed in the present paper, but 
we take this opportunity to give reference to his paper. 

Laboratory of Physical Chemistry 
University of Wisconsin 
May, IQ14 

* BitK'hem. Zoit., 6o, 480 (1914); Chem. Ahslr., 8, 1746 (1914). 



THE TERNARY SYvSTEMvS, POTASSIUM PHOvS- 
PHORIC ACID-WATER AND AMMONIA- 
PHOSPHORIC ACID—WATER 

BY E. G. PARKER’ 

A question of considerable importance in fertilizer chem¬ 
istry today is whether or no a concentrated fertilizer, that is, 
a fertilizer containing a high percent of the so-called plant 
foods, can be economically produced and used. 

A concentrated fertilizer can obviously be made by mixing 
in the desired proportions the various ingredients, which process 
would require the production of each ingredient separately 
and a final mixing. The object of this work was to ascertain 
whether stable chemical compounds containing the three 
most important of fertilizer constituents, potash, phosphoric 
acid, and ammonia, exist at ordinary temperatures. Although 
the subject has at present been anything but exhaustively 
investigated, and further work is at present being carried on 
with the hope of either a positive or a negative final conclusion, 
many valuable observations were made which makes de¬ 
sirable the publication of the present report of progress. 

The work was carried on in conjunction with other fertil¬ 
izer investigations in this laboratory under the direction of 
Dr. Frank K. Cameron. 

The two three-component systems, namely, KjO- PjO.-,— 
HjO and NHg- -P20.r-H2O, were first investigated, iind iso¬ 
therms obtained for each system. The temperature chosen 
was 25° Centigrade, and was kept constant in a thermostat 
to an accuracy of one-tenth of one degree throughout the ex¬ 
periment. These systems have already been explored, in 
part, by D’Ans and Schreiner.* 

Potassium—Phosphoric Acid—Water 

Bottles containing various amounts of orthophosphoric 
acid and potassium hydroxide in solution and in contact 

^ Scientist, Soil Laboratory Investigatjoiis Hureau of Soils 
- J. D’Ans and O. Schreiner. Zeit. phys. Chcni, 75, 95 (1910). 
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with a solid phase were placed in a thermostat and allowed 
to rotate until equilibrium was established. Portions of the 
liquid and solid phases at equilibrium were removed and ex¬ 
amined. 

Table I—Composition of Solid and Liquid Phases 


Liquid phase 


vSolid phase 


K 


PO4 


Percent 

K 


! Percent j 
1 PO4 


■j ■ ■ 

Mols per | Mols per 
looc) gr. I 1000 gr. 
of solution of solution! 


Formula 


I 


1.40 

8.56 

j i6.13 , 82 00 

KH2PO4.H3PO4 

1.47 

6.74 

' 16.75 80 55 

KHsPth.HaPO.! 

2.31 

5 00 

I 25.62 67.23 

KHsPth 

1.89 

3.20 

1 28.05 69.18 

KHjP04 

1.78 

2.60 

28.20 69.00 

KH2PC)4 


1 .81 

1 __ 1 — 

KHsP ()4 

1.46 

I 46 

27.90 67.50 

KH2PO4 

2.31 

1.84 

27,80 68.70 

KH2Pf)4 

2.61 

I 99 

j — — 

KHjPth 

3.06 

2.25 

1 28.00 ; 67.50 

KH2PC)4 

3.20 

2.28 

j 28.40 ' 68.10 

KH2PO4 

3 98 

2.67 

28.40 67.50 

KH2PO4 

5.22 

3.24 

28.10 65.90 

KH2PO4 

5*33 

3-33 

! _ _ 

KH2PO4 

5 67 

‘ 3-41 

28,30 66,00 

KH2PO4 

6.38 

3 69 

28.80 ^ 64.10 

KII2PO4 

6.80 

i 3-92 

j 28.50 J 62.90 

; KH2PO4 

7 • 23 

j 3-73 

— I — 

K2PO4 

7.79 

i 3-66 

— I — 

K,P 04 

8.56 j 

[ 3-42 

— j — 

K8PO4 

8.8i i 

I 2.92 

_ i _ 

K 4 ,P 04 . 3 H 2 C) 

714 

2.07 

_ ' _ 1 

\ 

K8PO4.3H2O 

7.18 

2.09 

f 1 

: KgPOi-sHsO 

9.19 

0.48 

43 90 1 34 -10 

: K8PO4.3H2O 

9 23 

0.46 

1 43-60 1 33.70 ! 

KSPO4.3H2O 

9.41 

0.38 

i j ; 

K,P 04 . 3 H 20 

9.79 I 

0-23 ; 

43-85 1 34-30 : 

K,P 04 . 3 H 20 

9 80 

0.24 1 

T ‘ i 

K,P 04 . 3 H *0 

9.48 

32 1 

— _ — i 

K,P 04 . 3 H 20 

9 76 

0.24 

42.60’ 1.37, 

KOH.2H2O 

9 . 7 ^> 

0.22 

42.60 0.70 [ 

KOH.2H2C) 

9 77 

0. 12 

— 1 — 1 

KOH.2HaO 


Optical 

property 


Uniaxial( ) 
Uniaxial(—) 
UniaxiaK—) 
Uniaxial (— ) 
UniaxiaK—) 
UniaxiaK—) 
; UniaxiaK—} 
, UniaxiaK—) 

, UniaxiaK—) 
UniaxiaK—) 
' UniaxiaK—) 

I UniaxiaK—) 
UniaxiaK—) 
UniaxiaK*—) 
UniaxiaK—) 
BiaxiaK+) 
Biaxial(+) 
BiaxiaK+) 
BiaxiaK—) 
BiaxiaK—) 
BiaxiaK—) 
BiaxiaK—) 
BiaxiaK—) 
Biaxial (—) 
BiaxiaK—) 
BiaxiaK—) 
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Phosphoric acid was determined according to the method 
of B. Schmitz.' Potassium was determined by precipitation 
as potassium chlorplatinate. vSome of the solid phases were 
primarily examined by chemical analysis, but on collecting 
sufficient data on their optical properties^ some were identified 
microscopically by Mr. William H. Fry of this Bureau. The 
results of the examination of the various liquid and solid 
phases are given in the preceding table. 

From these results isotherms were plotted with mols of 
K per 1000 grams of solution as ordinates and mols of Pt.)^ 
per 1000 grams of solution as abscissae (see Fig. i). 



Kig. I—Concentration isotherms for the thrce-coinponcnt system KjO—I’jCJ-—Ibff 

at 25° C 

From Table I and Fig. i it appears that the stable 
solid phases in contact with solutions containing potassium 
and orthophosphoric acid at 25° C are, 

KH2P()4.H3P04 
KHsP()4 
K.,P04 

K.,P04.3H2() 

_ KOII.aHjO 

’ Page 434 of Treadwell and Hall’s "Analytical Chciiiistr>','‘ \’ol 11 


(1913). 
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The branch of the curve representing KH2PO4 has, at 
a concentration of about 1.46 mols of K and 1.46 mols of PO4 
per 1000 grams of solution, an apparent sharp break, and the 
addition of either potassium or phosphoric add at this point 
increases the solubility of the monopotassium phosphate. 
It was thought possible that the monopotassium phosphate 
might exist in more than one modification, a transition taking 
place at about 25° C. Investigation by means of the dila- 
tometric method showed this not to be the case (see Fig. 2). 



Fig, 2 —Curve showing the change in volume of KH2PO4 with increasing 

temperature 


So that no doubt might exist that the solid phases stable 
on both sides of this apparent sharp point were chemically 
the same, they were all analyzed and plotted on a triangular 
diagram. The composition of the solid phases always 
corresponds to the formula KH2PO4. (Point S—see Fig. 3.) 

The existence of an actual break or an intersection in 
the curve would be a contradiction of the phase rule. The 
probability is that instead of a sharp break in the solubility 
curve for the phosphate with the formula KH2PO4, it goes 
through an undetectable minimum at this point as suggested 
by J. D’Ans and O. Schreiner.' The significance of the 
fact that the ratio of potassium to phosphoric acid is i ; 1 
at this minimum is not apparent. 

' J. D’Ans and O. Schreiner, Zeit. phys, Chem., 75, 95 (1910). 
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l''iy j ■'(Graphical representation for the determination of the eomposition 

of a solid phase 

Ammonia—Phosphoric Acid—Water 

Bottles containing various amounts of ammonia and 
orthophosphoric acid in solution and in contact with a solid 
phase, were allowed to rotate in a thermostat until equilibrium 
was established. Portions of the solid and liquid phases 
at equilibrium were removed and examined. 

Ammonia was determined according to a standard method.' 

Some of the solid phases were identified by means of the 
microscope. 

The results of the examination of the various liquid and 
solid phases are given in Table II. 

From these results isotherms were plotted with mols of 
NH4 per 1000 grams of solution as ordinate and mols of POj 
per icxx) grams of solution as abscissae (.see Fig. 4). 

From Fig. 4 and Table II it appears that the stable solid 
phases in contact with solutions containing ammonia and 
orthophosphoric acid at 25° C are 

(NHdlljPCh 
(NH4)2HP()4 
(N 114)51*04.31120 

On the branch of the curve re])resenting (NHdHjPOi 
J Page 59 uf Trcuclwdl and Hull’s “Analylicul Cluniistry,” \\)1 11 (1913) 
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we find that the same sharp break is present as in the case 
of the KH2P04. The break in this case is not quite as sharp, 
indicating that the explanation offered for the case of the 
monopotassium phosphate to be correct. Along the curve 
for (NH4)3P04.3H20 from the point C to the left ammonia 
is given off from the liquid, hence the curve as it stands in 



Kig 4—Concentration isotherms for the three-component system NH4—I’iOt—HjO 

at 25 “C 

the figure is not theoretically correct, as pressime was considered 
constant throughout the experiment. It may, however, be 
assumed to be practically so. 

These two isotherms may now be considered to be in 
planes at right angles to each other, and from these an iso¬ 
therm for the four component system K2O—NHs—P2O5—H2O 
may be continued and be represented in space. 
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TaIILE n—CoMI’OSlTION OK Soi.lD AND LIQUID PHASES 


Liquid phase* 


Solid phase 


NH4 


loninnhi 

()ptical properly 

Mols per ro(K) 

Mols per lO(X) 

' 


grams of 

grams of 



solution 

solution 



2.77 ‘ 

6 09 

(NLDH^PO, 

IhiiaxiaK- “) 

2-75 

5 44 

(N'IDH.PO, 

Uniaxial(—) 

2 50 

4 61 

(NII,)lLPO, 

Uniaxial (—) 

2.40 

3.62 

(NH4)n2P(). 

Uniaxial(- ■) 

2.45 

2 64 

(NH,)H2P(), 

ThiiaxiaU—) 

2 . 5 <S 

2 57 

(NHOH.PO, 

UiiiaxiaU—) 


2.67 

(NII,)H..P(), 

(N 11 ,)H»P(), 

Uniaxial( -) 

4 04 

5 50 

UniaxiaK,—) 

5 23 

3 77 

(NH 4 )HsP ()4 

Uniaxial(- ) 

7 21 

4-75 

(NH,)Il 2 P ()4 

UniaxiaK—) 

7 30 

4 7 ^>-“ 

(NID.IIPOj 

Biaxial 

7 01 

4*38 

(NH,)..HP(), 

(< 

6.90 

3 95 

(MDsIlPOj 

“ 

6 27 

3 41 -“- 

(NH 4 ) 3 P 04 . 3 H 2 (> 

Biaxial (—) 

4.28 

2.57 

(NH 4 )aP 04 . 3 H ,0 

Biaxial (—) 

4.19 

1-83 

(NH 4 ) 3 P 04 . 3 H 20 

BiaxiaK—) 

6.59 

1-33 

(NH 4 ) 3 P 04 . 3 H .0 

Biaxial 

8.75 

0.87 

(NH 4 )sP 04 . 3 H 20 

BiaxiaK—) 

11.48 

0.43 

(NH 4 ),P 04 . 3 Ho 0 

BiaxiaK—) 

14.08 

0.41 

(NH 4 ) 3 P 04 . 3 Hi .0 

BiaxiaK—) 


Bottles containing varying amounts of potassium hy¬ 
droxide, ammonia, and orthophosphoric acid in solution and 
in contact with a solid phase were placed in a thermostat and 
allowed to rotate until equilibrium was established. Por¬ 
tions of liquid phases were then analyzed, with the results 
of the analyses given in Table III. 

From these results a curve was [dotted witli mols K 
per 1000 grams of solution as abscissae and mols of NH4 
per 1000 grams of solution as ordinates (see Fig. 5) which 
curve would be a projection of an isotherm in space, on a 
plane at right angles to the two planes on which the isotherms 
for the three-component systems K >0 PoO^ Hd) and NH^ 

- HoO were plotted, 
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Tablk hi—Composition of Liquid Phase 


K 

NH4 

PO4 

Mols per looo grams 

Mols per looo grams 

Mols per looo grams 

of solution 

of solution 

of solution 

1.00 

2.87 

31^ 

1,19 1 

2.97 

3-31 

1.31 

2.88 

331 


2.89 

336 

1.60 

2.93 

3-41 

1.76 1 

2.65 

3-35 

1.94 

2.62 

3.26 

2.18 

2.34 

3*23 

2.50 

2.08 

2,23 

2.62 

2.03 

3.21 

2.86 

1.85 

3.21 

4-54 

1-53 

3-59 

4.87 ! 

1.20 

384 

4.90 i 

1.56 

3 96 

4.96 

1-43 

4.04 

5 60 

1.32 

4.CX) 

5-44 ' 

1.21 

392 

5-88 i 

1.12 

4.02 


In order that the point of lowest vapor pressure of the 
system might be determined a solution containing orthophos- 
phoric acid, ammonia, and potassium was allowed to stand 
over sulphuric acid in a closed space at 25° C until 
both the sulphuric acid and the solution had come to a constant 
weight, and a solid in examinable amounts had separated 
from the solution. The solution was then analyzed and found 
to have a concentration of 1.81 mols of NH4, 4.95 mols of K, 
and 3.96 mols of PO4 per 1000 grams of solution. This con¬ 
centration corresponds to a break in the curve shown in Fig. 5, 
Point A. The solid in contact with this solution, which pre¬ 
sumably should contain some of each of four different solid 
phases, was examined under the microscope. One or more 
of these solid phases present was undoubtedly instable in the 
air as ammonia was rapidly given off. Solids having the same 
optical property as KHaP04 and K3PO4 were identified under 
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the microscope. It is possible that other substances might 
have approximately the same optical properties as KH2PO4 
and K.1PO4, but it is more probable that this point of mini¬ 
mum vapor pressure is at an invariant point to be represented 
in space, at which there are four solid phascsJin|Contact with 
the solution of the above concentration, which are KsPO^, 
KH2PO4, two double salts, one or both of which is instable 
in the air, or a double salt, which is instable, and a solid 
solution. It is obvious, however, that if a compound of 
potassium, ammonia and phosphoric acid stable at ordinary 



Fig. 5 Projection of some of the concentration isotherms fo the four-com¬ 
ponent system K-O NHs -P?(>fc -H>(> at 25° C 

temperatures is to be obtained, it is necessary to work with 
solutions more acid than tho.se represented by the isotherm, 
the projection of which is given in Fig. 5. 

The economic production of a stable compound of this 
kind, if possible, would, under present commercial conditions, 
require the use of potassium chloride, and work on the condi¬ 
tions required for the separation of such a compound, emjjloy- 
ing potassium chloride, either from an aqueous solution or 
an alcoholic solution as suggested by Mr. P. J. Fox' of this 
laboratory, is now contemplated. 

‘ P. J. Pox. 



THE RADIOACTIVITY OF SOME COLORADO 
SPRINGS 


BY HERMAN SCHLUNDT 

The determinations recorded in tabular form below were 
obtained during the summer of 1913. The measurements 
were conducted in the field at the springs. The measuring 
instrument employed was a Mache-Meyer fontactometer. ‘ 
Its ionization chamber had a volume of nearly 15 liters. The 
electrostatic capacity of the electrode system was 10.42 cms. 
The voltages corresponding to the scale readings of the charged 
leaves of the electroscope were furnished by the maker. 'I'lie 
instrument was also calibrated in this laboratory by Mr. 
E. A. Bell. His value of the electrostatic capacity was 10.45, 
and the curve he obtained by plotting volts against scale 
readings coincided with the graph of the maker’s values. 
The instrument was also standardized with known quantities 
of radium emanation separated, (i) from uraninitc, and (2) 
from standard solutions of radium bromide kindly furnished 
by Professor Boltwood. As a result of a considerable number 
of determinations by Mr. L. A. Bell,- who employed different 
methods of separating the emanation, and several by the author 
we found that a fall of potential of one volt per minute repre¬ 
sents the emanation in equilibrium with 2.95 X io~'® grams 
of radium, when readings were taken from two to three minutes 
after the introduction of the gas. Readings taken three 
hours later, when the activity has reached a maximum value, 
gave a value of 1.80 X io~^® grams of radium per volt fall 
per minute. 

The readings in the field were generally made from two 
to three minutes after the’ introduction of the water or gas 
sample. Hence the values recorded in the last column of 


^ Pliys. Zeit., lo, 860 (1909). 

- Dissertation for the degree of Master of Arts, IJniv. Missouri (1914). 
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the tables were obtained by using the calibration factor 
2.95 X 10“^® grams radium per volt per minute. This factor 
depends to some extent upon tlie density of the air in the ioniza¬ 
tion chamber when observations are made. The value used 
was pbtained for a barometric pressure of 740 mm of mercury 
and room temperature, but at the altitude of the springs 
the barometric pressure averaged 610 mm. At the higher 
altitude a fall of one volt per minute would represent a slightly 
greater quantity of emanation. 

The activities are also expressed in Mache units. 'I'hese 
values represent the ionization currents per liter of water, 
or gas, expressed in electrostatic units multijilied by 1000. 
'I'hey were calculated by use of the formula; 

* .Vx. X t XT 

where q is the potential fall in volts during the interval of time 
/, expressed in seconds, c, the electrostatic capacity of the 
electrometer, 10.45, and v, the v’olume in liters of the water 
or gas sample used for the determination. The recorded 
activities in Mache units have been corrected (i) for the ema¬ 
nation remaining in solution in the water sample in the ioniza¬ 
tion vessel;' (2) for the ionization produced by the active de¬ 
posit resulting from the decay of the emanation during the 
time it remains in the ionization chamber;- and (3) for the 
normal air leak of the instrument. 

The activities of the gas samples refer to volumes which 
have been reduced to standard temperature and pressure. 
For details concerning the collection and transfer of gases in 
the field sec Schlundt and Moore, Bulletin No. 395, U. S. 
Geological Surv'ey. For the sake of comparison the activi¬ 
ties of several well known springs have been added. 

The activities represent radium emanation. What pro¬ 
portion of the emanation represents dissolved radium salts 
in the spring waters was not determined, but presumably 

* Hofmann: Phys. Zdt., 6, 337 (1905). 

^ Schmidt: Ibid., 6, 561 (1905). 
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but a very small fraction of the emanation present in any of 
the springs can be attributed to radium salts carried in solution. 
This conclusion is based upon some tests of stored samples 
of “Manitou” water. Its activity was not more than three 
percent that of the fresh water. No tests were conducted 
on the water residues or the spring deposits. At Steamboat 
Springs the escaping gases from three of the springs were 
tested for thorium emanation, but the results were negative. 
The activity of the water from Glenwood Springs was deter¬ 
mined on a sample collected by the owner and shipped to Co¬ 
lumbia. The value given represents the initial activity. 

In 1905, Headden* described a very interesting group 
of radioactive springs in Delta County, Colorado, known as 
the Doughty Springs. The sinter deposited close to the springs 
is unique in that it consists largely of barium sulfate. Headden 
found the sinter to be quite radioactive. At the time, Pro- 
fe.ssor Headden had the kindness to furnish us with a sample 
of the sinter. The air dry sample contained approximately 
87 percent of barium sulphate. Its radium content was 
determined by a modification of the fu.sion method of Joly 
and was found to be 14.8 X 10"grams of radium per gram 
of material, which corresponds to nearly 0.5 percent of uranium 
in a natural mineral.- 

Chemical Laboratory 

University of Missouri 

^ Proc. Col. Sci. vSoc., 8, i (1905), 

Cf. Schlundt: “Kudiuni in Some Tufa at Jlut Springs, Arkansas,” 
Trans. Am. IClectrochem. Soc., 12, 247 (1907) 



EQUILIBRIUM IN THE vSYvSTEM: MERCURIC IODIDE 

AND ANILINE 


BY J. N. PEARCE AND E. J. FRY 

Those who have worked with aniline have no doubt 
observed its extraordinary high solvent power upon many 
of the inorganic salts. Like ammonia it also has the power 
of combining with the salts to form stable crystalline com¬ 
pounds containing from one to as high as six molecules of 
aniline of crystallization. 

Among the large number of these crystalline compounds 
which have been prepared are CoCl2.2Cf,H7N, NiCl2.2Cf,H7N,’ 
CU2CI2.2C0H7N, Cu2Br2.2CfiH7N, Cu2l>.2CnH7N.- Tombeck'^ 
l)rcpared the corresponding compounds of the chlorides, bro¬ 
mides, iodides and nitrates of zinc and cadmium and of mag¬ 
nesium nitrate. He also prepared similar compounds of zinc, 
cadmium, magnesium, nickel, cobalt and copper vsulphates, all 
of which combine with two molecules of aniline except nickel 
sulphate which crystallizes with six molecules and cobalt sul¬ 
phate which crystallizes with four molecules of aniline, 
(irossman and Hunter^ prepared the compounds of the thio¬ 
cyanates of cadmium, cobalt, nickel, iron, manganese and zinc, 
each combining with two molecules of the base. The dicliro- 
mates of cobalt, nickel, copper, cadmium, zinc and manganese, 
each with four molecules of aniline were made by Parravaus and 
Pasta.'’ Fran^oise^' contributed the compounds with the 
mercuric halides, each with tW'O molecules of aniline of crys¬ 
tallization. 

The usual method of preparing these compounds has been 
to treat alcoholic .solutions of the salt witli aniline, or vice 
versa. 


* Eippmann and Vortmaun: Bor choni Ges Borliti, 12, 70 (iHSg) 
^ Saglier: Comptes rondus, io6, 1422. 

Ibid., 124, 961; 126, 967. 

* Zeit. anorg. Chem., 46, 361 (1903). 

Gazz. chim. Ital., 37 II, 252 (i<>()7) 

® Jour, pharni. Choni., 6, 21 (1906). 
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Only one system containing aniline and an inorganic 
salt has been studied quantitatively. This was done by 
Menschutkin' for the system: magnesium bromide and ani¬ 
line. These two substances react with the liberation of much 
heat and produce three compounds. The temperature- 
solubility equilibrium curve consists of three parts, viz., 
MgBr4.6C6H7N in equilibrium with its saturated solution at 
all temperatures up to 103°; that of MgBr2.4C6H7N between 
103° and 237°; and probably the compound MgBr2.2C6H7N 
or MgBr2.C6H7N at still higher temperatures. Owing to 
the decomposition of the aniline the investigation could not 
be carried higher than 250°. 

Owing to the relatively high solubility of mercuric iodide 
in aniline at ordinary temperatures, the dimorphic nature of 
the solid iodide and the power of the two to form stable crys¬ 
talline compounds, it was thought worth while to make a 
careful study of this system over the maximum possible range 
of temperature. For this purpose the ordinary solubility 
method has been used. 

Kahlbaum’s aniline “ 1 ” was allowed to stand over fused 
potassium hydroxide for two weeks, then decanted and care¬ 
fully distilled. Only that fraction passing over at 180 “-182° 
was collected for the work, the first and last portions being 
rejected. 

The mercuric iodide was precipitated from a saturated 
solution of chemically pure mercuric chloride by means of an 
equivalent weight of pure potassium iodide. The precipitate 
was allowed to settle and then washed by decantation, using 
large volumes of distilled water, until all traces of chlorine 
were removed. It was then transferred to a large Buchner 
funnel, washed with distilled water, sucked dry and finally 
spread upon porous plates and thoroughly dried. 

The solubility measurements were made in an apparatus 
similar to the one used by Pearce and Moore.* 

' Gazz, chim. ItaL, 37, I, 252 (1907). 

^ Am. Chem. Jour., 50, 220 (1913), 
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I^or all temperatures between 0° and 42.9° an electrically 
heated and electrically controlled water thermostat was used; 
a Cooling coil for running water was added for temperatures 
below that of the room. In this way temperatures constant 
to within ±0.02° could be maintained for any desired period 
of time. For temperatures above 42.9° the saturation tube 
was immersed in the vapor of a boiling liquid whose boiling 
point was approximately equal to the temperature desired. 
The tube containing the motor-driven spiral was inserted 
through a tightly fitting cork into a larger boiling vessel to 
the side tubule of which was fitted a long vertical condenser 
to prevent the loss of the boiling liquid by evaporation. The 
liquid was maintained at the boiling temperature by means 
of an electrically heated platinum spiral. In order to prevent 
variation in temperature due to radiation, which increases 
with the tem])erature, the whole apparatus, excepting the con¬ 
denser, was inclosed in an asbestos case fitted with a glass 
door through which the temperature readings could be taken. 
In order to still further prevent the loss of heat by radiation, 
the inside of the case was heated by means of incandescent 
lights. By this means even the highest temperatures could 
be kept constant to within =*=0.05°, any variation being due 
to changes in barometric pressure only. 

For temperatures below 0° the saturation tube and stirrer 
were transferred to a larger tube which was surrounded by a 
freezing mixture of ice and salt. All temperatures were read 
on a certified thermometer passing through the cork and kept 
at the same level as the material in the saturation tube. The 
thermometers were graduated in o.io° which easily permitted 
estimations accurate to ±0.05°. 

Repeated tests showed that saturation was complete in 
about one and one-half hours. In most cases, however, the 
time allowed for saturation was much longer, except at the 
three highest temperatures where, owing to decomposition, 
the time had to be limited. 

After saturation was complete the stirrer was stoj)ped, 
the solid phase allowed to settle and a sample of the liquid 
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phase was removed by means of a small tube covered at one 
end by a double thickness of thin muslin. In order to prevent 
solidification within the tube the latter was heated to a tempera¬ 
ture slightly higher than that of the saturated solution. All 
samples were run at once into dry glass-stoppered weighing 
bottles and kept in dry desiccators until analyzed. 

The difficulties in the analysis of either phase of the 
system are readily appreciated when one considers the volatile 
nature of the iodide and its inertness toward ordinary re¬ 
agents. The complications are still further increased by the 
difficulty in eliminating the easily oxidized aniline and its 
oxidation products. 

Obviously the simplest method would be to remove the 
aniline by means of organic solvents and weigh the iodide 
directly, but this is impossible on account of the appreciable 
solubility of the mercuric iodide in these solvents. An at¬ 
tempt was made to dissolve out the aniline vdth dilute hydro¬ 
chloric acid, but here also the iodide whs found to be appreci¬ 
ably soluble in the aniline hydrochloride formed. Likewise 
the electrolytic method was found to be unsatisfactory be¬ 
cause of the formation of aniline black at the anode. This 
was deposited upon the surface of the mercury and the ex¬ 
posed platinum and could not be removed. 

The method finally adopted was to dissolve the sample 
in a solution of acetic acid containing an excess of potassium 
iodide and to precipitate the mercury as the sulphide by passing 
in hydrogen sulphide to complete precipitation. This method 
proved to be very satisfactory and was used in all determina¬ 
tions. 

Samples taken at the three highest temperatures seemed 
to be more difficultly soluble and complete transformation 
to the sulphide was accomplished by placing the solid mass 
in the acetic acid-potassium iodide solution and passing hy¬ 
drogen sulphide for two or three hoims until portions of the 
filtrate gave no test for mercury on further treatment with 
hydrogen sulphide. The precipitate was then transferred to 
a weighed Gooch crucible, washed with water and absolute 
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alcohol and then gently dried. The free sulphur was re¬ 
moved by carbon bisulphide in an electrically heated extrac¬ 
tion apparatus of the form recommended by Treadwell and 
Hall.’ 

The quantities of acetic acid or potassium iodide added 
did not seem to affect the speed of transformation of the iodide 
to the sulphide, but the physical nature of the precipitate 
was considerably improved, if the system was heated slightly 
before filtration. 

The sulphur-free precipitate was then placed in an air 
bath and heated to 110°, the temperature recommended by 
Treadwell and Hall. The weights obtained after successive 
heatings were found to decrease constantly with the time of 
heating. Believing that this inconstancy is due to the vola¬ 
tilization of the sulphide, experiments were made to test the 
effect of temperature upon the extent of volatilization of the 
sulphide. Weighed Gooch crucibles containing the pure 
dry sulphides were heated for intervals of one to three hours 
at 70°, 80° and 110°. The results are recorded in Table I. 



Table I 


HgS 

Grams 

1 One hour at no® 

Two hours at no® 

1-4352 

1 I.4202 

1.2784 

2.3076 

1 2 2321 

2 0375 


1 Two hours at So® 

_ 1 _ _ 

Three hours at 80° 

0.5412 

i 0.5378 

0.5300 

0.6879 

! 0.6765 

0.6685 


1 1 

1 One hour at 70® 

Three hours at 70° 

0.4311 

! 0 - 43 U 

0 43^1 

0.4432 

! 0.4432 

0 443 * 

0.2054 

i 0.2054 

0.2054 

0.1802 

1 0 1801 

0.1801 


‘Analytical Chcmiblry,” Vol II, third edition, p. lOg 
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All the data in the following tables were obtained by heat¬ 
ing the precipitates to constant weight at 70°. By observing 
these precautions results were obtained which leave little to 
be desired as to the accuracy of the method. Analyses made 
on known weights of mercuric iodide in aniline gave the follow¬ 
ing results; 

Table II 

Grams taken I Grams found 


0.4325 

0.2936 

0.5872 


0.4323 

o.2930 
0.5872 


The results of the solubility determinations made in this 
work are given in Table III and they are graphically repre¬ 
sented by the Curve, Fig. i. 



The freezing point of aniline, purified according to the 
method of Hantzsch, was found by one of us‘ to be —8° C, 


Pcaree 
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Tahi.e III 


Temp. 

Solution 
i phase 

HgS 


' Grams 


_6.15 0 

4.0110 

0 3910 

—6.5 

3 7128 

0.3667 

—6.5 

, 3 8273 

0.3719 

+0.4 

1.3666 

0 2054 

0.4 

2.8167 

0 3214 

0.4 

1 ••5798 

0.1802 

17.8 

1 2 8032 

0.4311 

17.8 

' 2.8818 

0.4432 

17.8 

7 .8667 

0 4396 

21 10 

lli-oo 9 .S 

0-4937 

21.1 

/ I2 .7408 

0-4543 

26 9 

i3.7408 

0 6842 

26.9 

2 .7353 

0.4987 

30.1 

3 5303 

0 6927 

30 I 

3-3077 

0.6478 

36.2 

2.4979 

0.5512 

36.2 

2 9044 

0.6456 

36.2 

3 1347 

0.6879 

42.9 

3.2802 

0.8204 

42.9 

3-4225 

0.8604 

42.9 

3-5057 

0.8812 

48.8 

3-6347 

1.0447 

48.8 

3.6440 

1.0509 

48.8 

3.8001 

I.0901 

63.6 

2.4242 

0.7680 

63,6 

2.0912 

0.6652 

63 6 

2 1322 

0 6833 

70.82 

; 7 4980 

2.4870 

70.82 

: 7 4982 

2 4890 

76.2 

i 4 3407 

1.4910 

76.2 

1 3.6806 

1.2586 

95 9 

1 I - 5092 

0.5500 

95-9 

I 5092 

0.5497 

II 5-7 

2.2309 

0.8456 

115.7 

1-3955 

0.5274 

1372 

1 0.6997 

0.2648 

137-2 

1 0 1893 

, 0 0720 

181.1 

1 0.9820 

0 3763 

181.1 

1 2.4612 

0 9823 

199.1' 

1 2.1435 

0 9797 

199.1 

! 0.7405 

0.3384 



Gr. Hgl. 


Hglj 

per ifK) gr. 
of aniline 

! Mean 

i 

0.7636 

23-52 

■ 

0.7162 

23.10 

j 23,35 

0.7264 

23-42 . 

1 

0.4012 

28.72 

! 

0 6277 

28.68 ; 

, 28.69 

0 3519 

28.66 ^ 

1 

0.8420 

42.94 


0.8670 

42.80 

42.85 

0 8586 

42.81 , 


0.9867 

47-43 

47-55 

0.8848 

47 67 ; 

I.3365 

55-58 

55-47 

0.9707 

. 55-35 J 

1-3530 

62.14 

r 62.05 

1 

i .2650 

61 .96 ^ 

I.0770 

75 76 

i 

1 2610 

76 03 

0 

CO 

1-3435 

75 - 72 , 

■ 

I.6025 

96.60 


I.6805 

96.47 i 

96.49 

I.7210 

96.40 : 


2.0480 

128.4 1 


2.0530 

' 128.0 

128.1 

2.1290 

127.9 


1.5000 

162.9 1 


I.2990 

164.0 

163.8 

1-3350 

163.6 1 


4.8580 

4 8600 

184.0 1 
184.2 ( 

i’ 184.1 

2 9120 

202 5 

201 .6 

2.4590 

201.2 , 


1.074 

I 072 

246.8 
24^ 5 - 

246.7 

I .6520 

281.8 

' 

> 281 .8 

I 0300 

281.8 ^ 


0.5172 

0.1490 

284.9 
286 5 

> 285 2 

0-7350 

297.6 


1.9180 

298 3 

- 9 / -v 

1 9140 

0 6644 

862.5 
864 0 

[ ' 863.2 


‘ Not plotted. 
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a value identical with that found by Lucius.’ That part 
of the curve between —8° and —11.48° represents the freezing 
point curve for the solution in equilibrium with solid aniline. 

At —11.48° solid aniline and the compound HgL.zCsHrN 
separate out together in the form of a eutectic mixture. This 
point was determined three times by plotting the cooling curve 
of the saturated solution. In a freezing point tube fitted with 
a thermometer and stirrer and surrounded by an air jacket 
was placed the saturated solution. The whole was placed 
in a freezing mixture of ice and salt (—16°) and gently stirred 
until a slight undercooling was obtained. The temperature 
then quickly rose to the eutectic point where it remained con¬ 
stant until the entire mass had solidified and then fell slowly 
to the temperature of the bath. The points obtained were 
—11.5°, —11-55° and —11.4°, the mean being - -11.483°. 

Beginning with the eutectic point the solubility of the 
mercuric iodide increases gradually up to about 10° and then 
at a more rapidly increasing rate up to 46.8°. The white 
crystalline solid in equilibrium with the saturated solution has 
the composition HgL.zCsHTN. Its melting point is 58.6°. 
These crystals have parallel cleavage and parallel extinction; 
they belong to the third or fourth system, but it was impossible 
to determine exactly which. 

At 46.8° we have a quadruple point representing an equi¬ 
librium between the two solids, Hgl-^, Hglx.zCeHrN, the sat¬ 
urated solution and aniline vapor. 

From this point on the solubility curv'e rises rapidly and 
linearly with rise in temperature up to 108°, the solid phase 
in equilibrium being the red mercuric iodide. At 108° we 
have a second quadruple point, the solids being the red and 
yellow mercuric iodides in equilibrium with the saturated 
solution and vapor. The transition point between the red 
and the yellow iodides is apparently lowered by the influence 
of the solvent from 126° to 108°. This is in accord with the 


* Bc*r. chem. Gcs. Berlin, 5, 134 (1872). 
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work done by Kastle^ in which he finds that the transition 
point of the iodide is affected by the solvent used. 

An insoluble greenish yellow solid begins to appear at 
about this temperature and the solution assumes a violet 
permanganate color. 

Above 108° the solubility of the yellow iodide increases 
but slightly up to approximately 200°. Beyond this point 
the highly viscous liquid phase seemed to be in equilibrium 
with the solid yellow mercuric iodide. The entire mass solidi¬ 
fied to a pasty solid on cooling which on standing gradually 
passed ov''t into the crystalline form. On account of the rapid 
decompojj Lion of the components at these high tempera¬ 
tures furt/*er measurements were entirely out of question. 

The insoluble solid coming in at 108"^ and above was 
isolated, thoroughly washed with acidulated water and alcohol. 
It is a greenish yellow, flaky, mica-like solid belonging to the 
fifth or sixth system. It is insoluble in water, alcohol, hot 
aniline, or the ordinary acids, but dissolves with decomposi¬ 
tion in potassium cyanide, liberating free mercury. Its anal¬ 
ysis was difficult. vSmall weighed samples of the clean solid 
were placed in a weighed platinum dish and the mercury de¬ 
termined electrolytically. Weighed quantities of the solid 
were also added to strongly acidified solutions of silver nitrate, 
the suspension was heated and then allowed to stand until 
transformation was complete. From the weights of the silver 
iodide precipitated the approximate percent of iodine was 
calculated. The percentages of mercury and iodine found 
correspond approximately with the values calculated for the 
undescribed compound, CrtH7N.Hg2l2, c. g., 


F (miul 

; Calculated 

Percent 

Percent 

"if* 9 

5 v^ 77 

35 • 7 

34 02 


Am. Chem. Jour , 22, 47,^ (1899). 
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Summary 

The system of mercuric iodide and aniline has been studied 
for temperatures between —11.48° and 181° and the curve 
representing the conditions of equilibrium has been plotted. 

The region of stability of the three solids, Hgl2.2C«H7N, 
red Hgla and yellow Hglj, in the presence of aniline has been 
established. 

A new compound corresponding to the formula CeHrN.- 
Hg2l2 has been identified and described. 

A method for the determination of mercuric iodide in 
the presence of an easily oxidized organic solvent has been 
tested and applied. 

Physical Chemistry Laboratory 
The State University of Iowa 



THE THERMAL EXPANSION OF SOLUTIONS OF 
GELATINE IN WATER 


BY ARTHUR A. SCOTT 

Colloid chemistry, that comparatively new branch of 
chemical science, has to deal in general with two types of 
colloidal solutions; hydrosols, which closely resemble ordinary 
liquid solutions, and hydrogels, which possess a gelatinous 
constituency. Into the latter classification fall those solu¬ 
tions ''f gelatine in water, commonly known as jellies. Their 
cb^*nical behavior has been extensively studied in all branches 
of the science, but comparatively little is known concerning 
their phy.sical properties.* Rubber, as a typical colloid, 
however, is known to have a negative coefficient of thermal 
expansion. It is possible by observing the thermal expansion 
of jellies to learn how the expansion changes with the concen¬ 
tration, from pure water to pure gelatine. The present paper 
gives an account of the study of the expansion of 2 percent, 
6 percent and 10 percent solutions of gelatine in water, between 
0° and 10° C. 

The apparatus with which the experiments were carried 
out is shown in Fig. i. A helix of glass tubing of constant 


f 


=5. 



ca.1 

£ 

izi 

I 

■1 

i 

GS 

C:> 



-^ 


Fig. I—Thermostat for measuring the thermal expansion of gelatine solutions 


* Compare P. von Bjerk6n: Wied. Ann., 43, 817 (1891). 
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cross-section, 150 cm long, drawn down at one end to capillary 
size, contained the solution under examination. A small 
amount of bichloride of mercury was first dissolved in the 
water of solution to destroy any bacteria which would otherwise 
melt the jelly. Gelatine was then dissolved in the water when 
heated. I'he tube was filled to a certain mark with the hot 
solution, and the capillary end scaled in a flame. It was 
impossible to employ the meniscus of the jelly as a criterion of 
expansion, as it adhered to the glass at the edge and also de¬ 
veloped cracks. One centimeter of kerosene oil was placed 
above it and the oil meniscus was observed. This proved 
satisfactory, for, since oil wets glass, its meniscus preserves 
a constant shape, and also its evaporation is small. To pre¬ 
vent it from creeping over the edge of the tube and flowing 
down the outside, a small piece of rubber tubing was placed 
on the open end. 

The glass tube was held in a fixed position in a jacketed 
water bath. By introducing ice, the temperature could be 
maintained at any point between room temperature and zero, 
and could be read by a thermometer to one-tenth of a degree. 
The water was kept constantly stirred by a paddle, so that 
any change in temperature almost immediately affected the 
entire bath. The oil meniscus was observed through a micro¬ 
scope which.read to 0.008 cm, tenths of which could be esti¬ 
mated. 

The true expansion of each solution was obtained in the 
manner described in Preston’s “I'heory of Heat.” The tube 
was filled with water and the apparent expansion of the water 
observed. The difference between the true expansion, which 
is known, and the apparent expansion was plotted on a tem¬ 
perature base. The slope of a straight line through the points 
represented the coefficient of cubical expansion of the glass. 
In this experiment it was 0.000025. The apparent expansion 
of each solution was then plotted against the temperature. 
From the origin, a straight line was drawn with' a negative 
slope equal to that of the first line. The vertical distance 
between the curve and the line at any point on the tempera- 
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ture axis measured the true expansion at that temperature. 
These differences, expressed as millionths of the volume at 
zero, are tabulated below and are shown graphically in Fig. 2. 



Fig. 2 —Thermal expansion of gelatine solution*; 
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Table of Thermal Expansion op Gelatine Solutions 


Temp. 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

lo 


Expansion (X lo*) 


Water (True) 

2 percent 

6 percent 

10 percent 

0 

0 

0 

0 

— 57 

—60 

20 

30 

- 98 

-85 

45 

60 

—120 

—90 

70 

95 

— 129 

—80 

100 

125 

— II9 

—60 

130 

160 

-- 99 

—25 

170 

190 

— 62 

25 

200 

225 

— 15 

80 

1 ! 

235 

255 

47 

145 

! 270 i 

290 

124 ! 

! 215 

i 315 i 

i 330 


It is hoped to continue the observations for solutions of 
higher concentration as soon as time will permit. 

Macdonald Physics Building 
McGill University 
June 26, igi4 





THE DISTRIBUTION OF COLLOIDAL ARSENIOUS 
SULPHIDE BETWEEN THE TWO LIQUID 
PHASES IN THE SYSTEM WATER, 

ETHER, ALCOHOL 


BV HARRY P. CORLISS 

The present paper gives the results of some quantitative 
measurements of the distribution of colloidal arsenic trisul¬ 
phide between the two liquid phases formed when ether, 
water and alcohol are mixed in proper proportions; that equi¬ 
librium involving the distribution of ccdloids may be realized 
experimentally was established in 1908 by Lash Miller and 
McPherson, ’ who made also a preliminary study of the cotidi- 
tions affecting the distribution ratio. 

The binodal curve and the tic lines at 0° C for the system 
Ether—water—alcohol were determined by Bonner,- who em¬ 
ployed a method designed rather to permit measurement 
with very small quantities than to furnish extremely accurate 
results. As a preliminary, therefore, it was necessary to re¬ 
determine the curve and lines; accurate specific gravity 
measurements also were made of solutions of known composi¬ 
tion on the binodal curve, and a graph was constructed so 
that the composition of any one of a pair of solutions in equi¬ 
librium could be found simply by determining its density. 

Satisfactory methods of preparing the colloidal .solutions 
and of determining their content of arsenic were then worked 
out, and a method of allowing for the effect of the colloid on 
the specific gravity of the solutions was checked experimen¬ 
tally. Finally, some twenty measurements of the distribu¬ 
tion ratio were made and their results collated. 

^ Jour. Phys. Chem., 12, 709 (1908); see also Reinders Zeit. Kolloid* 
Chemie, 13, 235 (1913)- 

® Jour. Phys. Cliem., 14, 738 (1910), a very complete study of the system 
alcohol-water-cther at 25^ C has beeu made by Shinkichi Horiba, see Memoirs 
of the College of Science and Engineering, Kyoto Iniiierial rniversity, \'ol 3, 
No. 3, p. 63 (1911). 
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Binodal Curve, Tie-lines, Specific Gravities 

In determining the points of the binodal curve, and in all 
other experiments of this paper, Kahlbaum’s ether “iiber 
Natrium destilliert,” and Kahlbaum’s “ethyl alcohol 99.8 
percent” were used; account was taken of the water added with 
the alcohol; the total weight of the liquids used in each deter¬ 
mination of a point on the binodal curve was about 25 grams. 

The liquids were weighed into the mixing tube from pyc¬ 
nometers of the Ostwald-Sprengel type, provided with a long 
fine exit-tube, suitably bent. The tube in which the liquids 
were mixed was about 10 cm long and 2.5 cm in diameter. 
Into the mouth was fitted tightly a cork through which passed 
a short glass tube of about i cm diameter, and over the end 
of this tube two overlapping pieces of thin sheet rubber were 
drawn and tied. This allowed the end of a pycnometer to 
be inserted with the least loss of vapor; and while containing 
the liquids and immersed in ice water, no smell of alcohol or 
ether could be detected, showing that the sheet rubber was an 
effective means of closing the tube. 

A point on the binodal curve was determined by blowing 
over from the pycnometers into the tube the desired amounts 
of ether and water; then adding alcohol in quantity nearly 
but not quite enough to make all homogeneous, the tube 
being all the time immersed in ice water to keep the vapor 
tension as low as possible. I'he tube was then removed to 
an ice bath provided with a stirrer run by a small motor, 
and allowed to cool for about fifteen minutes more, being fre¬ 
quently stirred by giving the liquid in the tube a rotating 
motion. Then a little more alcohol was added from the 
pycnometer, mixed well by rotating and gently shaking, 
and placed again in the ice bath to see if it would separate 
into layers. The final addition of alcohol was made easy, 
however, without waiting long for separation to occur, by the 
fact that even when a long time would be required for separa¬ 
tion to take place, a silky appearance of the liquid, when shaken, 
was seen; and then the alcohol was added, drop by drop, 
until the last drop just caused this silky appearance to dis- 
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appear. That this method of judging the final addition of 
alcohol was accurate, was tested many times; whenever a 
silky appearance was noted, separation always occurred on 
standing in the bath, and no separation occurred after just 
enough alcohol had been added to dissipate this silky appear¬ 
ance on shaking. Of course, when points on the binodal 
curve where the two layers were of widely different specific 
gravities were being found, separation took place more rapidly 
than near the top of the curve, so that actual separation was 
obtained quickly; in such cases the diminishing amounts of 
cither upper or lower phase served to indicate how much more 
alcohol should be added to make homogeneous. After the 
liquid was made homogeneous the specific gravity was taken. 
Such an experiment gave the composition and specific gravity 
for one point in the binodal curve. 

The results of these measurements are given in Table I 
and Fig. I, in wdiich the weights of ether and water taken 

Tahuk I--P'xperimkntai^ Data for Binodal Curve 
Temperature 0° C vSpecifie Gravity of Water at 0° C i.ockx) 


ICther 

Water 

Alcohol 

Specitie giavit; 

0.128 

0 872 

0 237 

0 9^19 

0 199 

o.8t)i 

oc 

0 9397 

0 291 

0.709 

0 3 f>.S 

9175 

0 295 

0.705 

0.369 

0 9160 

0 345 


<> 

0 904.4 

0 390 

j 0 610 


0 89.59 

0 446 

' 554 

0 ^88 

0 SS22 

0 50O 

! 0 494 

0 3«3 

0 8698 

0 549 

‘>.451 : 

<>. 3 <\S 

0 8()oo 

^>•597 

‘ 0.403 

0 377 

0.85tx> 

0.649 

; 0.351 

0 361 

0 8383 

0.724 

1 0 276 ‘ 

0 343 

0 8227 

0.817 

j 0.183 

0 301 

, 0.8017 

0.873 

j 0 127 ! 

0.278 

0 7878 

0.915 

! 0.085 1 

0 207 

0 7734 

0.958 

; 0 042 i 

0 135 

7575 

o.488‘ 

0 512 

<^■ 3^5 

0 8738 

» Plait 

point obtained by Rraidiie 

interpolation 

fiom tit‘ line graph 


binodal curve. 
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together amount to one gram; the weight of alcohol given is 
therefore the amount needed to make one gram of the ether- 
water mixture homogeneous. The data of Table II were 
obtained by graphic interpolation from Table I; the last two 

Table II— Interpolated Values for Binodal Curve 


^ther 

e 

Water 

w 

Alcohol 

a 

, w 

Log 

a 

Ix.« 1 

0.980 

0,020 

1 

1 0.035 

i -757 

! I -447 

0.975 . 

0.025 

i 0.060 

1.620 

1.211 

0.950 

0.050 

' 0145 

1.538 

* 0.816 

0.900 

0. roo 

0.240 

1.620 

0.574 

0.850 

0.150 

0.290 

1.714 

0.467 

0.800 

0.200 

i 0.315 

1.803 

0.405 

0.750 

0.250 

0.335 

?.«73 

0.350 

0.700 

0.300 

0.351 

1.932 

0 . 3 (K) 

0.650 

0.350 

0.365 

1.982 

0.251 

0.600 

0.400 

0.376 ; 

0.027 

0.203 

0.550 ' 

0.450 

0.384 

0.069 

0.156 

0.500 ; 

0.500 

0.385 

0.114 

0. II4 

0.450 1 

0.550 

0.384 

0.156 

0.069 

0.400 * 

0.600 

0.382 

0.196 

0.020 

0.350 

0.650 

0.377 

0.237 

1,968 

0.300 

0.700 

0.371 

0.276 

I .908 

0.250 

0.750 

0.360 

0.319 

1.842 

0.200 : 

0.800 

0.339 

0.373 

1.771 

0.150 i 

0.850 

0.281 

^o.48I 

1.727 
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columns give the “logarithmic coordinates’’ of Bancroft’s 
formula,* plotted in Fig. II. 



Fig. II—Bmodal curve (logarithmic coordinates) 

specific Gravities.—Eor the purpose of taking specific 
gravities the left-hand pan-rest was removed from a vSar- 
torius analytical balance which had pan-rests that rose through 
a hole in the base. To the bottom of the pan a hook was 
cemented and from it hung a platinum wire extending through 
the base and shelf on which the balance sat. Below the bal¬ 
ance shelf a cork of the size to fit the mixing tube was rigidly 
clamped, and through it a small glass tube was fitted. From 
the platinum wire a human hair extended through the glass 
tube in the cork to a distance below suflScient to have the bulb, 
whose loss in weight was measured, hang immersed in the 
liquid when the tube was placed on the stopper. The bulb 
was made of glass of about 4 cc volume, partially filled with 
mercury, and was suspended by a small platinum hook fastened 
to the end of the hair. The hair suspension proved very 
satisfactory; fine tungsten wire was also tried. In making a 
specific gravity determination, the tube containing the liquid 
was removed from the ice bath and placed quickly on the 
stopper below the balance; the ice bath was then raised, so 
that the liquid would be kept at 0° C in the new position. 
After a few minutes,® to allow the liquid to cool completely 
again, the weight of the bulb, immersed in the liquid, was 
taken. From the loss in weight in the liquid and the loss in 

^ See Bonner: Jour. Phy.s Cheni., 14, 738 

* The mixing tube and its contents left in the ice bath, with freciueiil 
stirring, fell from 18° C to o.i ° C in five minutes. 
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water, the specific gravity was calculated; the results of the 
measurements are given in Table I and Fig. L 

Tic-lines .—For the determination of the tie-lines, ether 
" water and alcohol were mixed in the proportion to give a tie¬ 
line at the approximate position desired, about loo grams in 
all being taken for each experiment. This mixture was al¬ 
lowed to cool and separate into layers in the ice bath; a por¬ 
tion of each layer was siphoned off by a glass tube and its 
specific gravity taken; and, from the wSpecific gravity and bino- 
dal curves, the composition of the phases at the end of the 
tie-line was determined. Since the loss of weight in water 
was about four grams for the specific gravity bulb used, and 
this loss could be determined within 0.2 mg, the specific 
gravities could easily be determined to four decimal places; 
the composition of the solutions of the binodal curve, of course, 
are not known with any such accuracy. The results are 
given in Table III and in Fig. III. The composition of the 
solution at the plait point was ascertained by prolonging 
the curve of Fig. Ill, and choosing the point on the extra¬ 
polated curve whose ordinate was equal to its abscissa; the 
result is in good agreement with that obtained by interpola¬ 
tion in Fig. I. 

Table III —Experimental Data eor Tie-Lines 
(Specific gravities at 0° C referred to water at o® C as 1.0000) 



UpjKT layer 

Lower layer 

1 

0.7400 

0.9826 

( 2) 

0.7787 

0.9505 

(3) 

0.7880 

0.9452 

( 4) 

0.7939 

0.9412 

( 5) 

0.8000 

0 . 937 ^ 

( 6) 

0.8081 

0.9322 

( 7 ) 

0.8j02 

0.9296 

( 8) 

0.8149 

j 0.9262 

( 9) 

0.8273 

0.9162 

(10) 

0.8385 

0.9057 

00 i 

0.8574 

0.886 

O2) i 

0.8738* 

0.8738 

‘ Plait point. 
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The Colloidal Solutions 

A solution of arsenious acid was prepared by l>oiling 
water to remove air, adding about one gram arsenious oxide 
per hundred grams of water and boiling slowly until all was 
dissolved. The solution was then cooled, an equal volume of 
alcohol was added, and hydrogen sulphide was passed in to 
excess 'I'he whole was then allowed to stand some hours, 
usually over night, and then hydrogen' was bubbled through 
until paper moistened with silver nitrate and held over the 
mouth of the tube was no longer blackened. Both gases 
were washed by passing through two wash bottles of water. 

The colloidal arsenious sulphide prepared in solutions 
containing alcohol or ether or both w'as much clearer than when 
w’ater alone was used; if ether was present, however, the solu¬ 
tion on standing underwent some change, the effect of which 
was that, on coagulating with acid and filtering, the filtrate 
contained considerable amounts of arsenic. If only water 
and alcohol were present, the amount of arsenic present in 
the filtrate after coagulation was small, and was constant 
for a given preparation. The change in the ether solutions 
was probably due to oxidation induced by the ether.- 

Removal of Hydrogen Sulphide by Lead Carbonate. If a 
colloidal solution of arsenious sulphide containing alcohol 


‘ Piclon. Jour. Chciu Soe , 61, 137 (i8gi) 

" Argo. Trans. Roy, Soc Cunuda, 1913, See, 111 . 
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and excess hydrogen sulphide be cooled in ice water, shaken 
with lead carbonate, and quickly filtered, using a funnel 
jacketed with ice, the excess of hydrogen sulphide is removed, 
and after coagulation but a small amount of arsenic is found 
in the filtrate. Quick work is necessary, however, as on pro¬ 
longed shaking with lead carbonate the liquid is completely 
decolorized and the filtrate after coagulation contains arsenic; 
if a solution containing no free hydrogen sulphide is used, 
the lead salt is colored salmon to brown, if hydrogen sulphide 
be present, black. 

Coagulation .—The sulphide is not so easily coagulated 
in solutions containing ether and alcohol as in pure aqueous 
solutions. Hydrogen sulphide in excess was passed into a 
solution made up from 35 cc one-percent arsenious oxide, 
25 cc alcohol, and 20 cc ether. To 3 cc of this were added 
5 cc alcohol and 5 cc water, and then a measured amount of 
salt solution; the mixture was let stand 5 minutes and was 
compared in reflected light with a sample to which no salt 
had been added. If no turbidity was observable, the experi¬ 
ment was repeated, using more of the salt solution, and so 
on until a slight timbidity was noticed. The following results 
were obtained: 

Turbidity produced by 

0.08 cc alum solution, containing o.oi gram-mols* per liter 

0.40 cc barium chloride solution, 0.01 gram-mols per liter 

0.50 cc hydrochloric acid, 0.01 gram-mols per liter 

Alum is thus the best coagulant of the three, and hydro¬ 
chloric acid the worst, the same as in aqueous solutions; but 
there is not nearly as much difference as in the latter case, 
the ratios being i 15 : 6.3, while Linder and Picton^ found 
the ratios i : 32 : 1590 for aqueous solutions. 

Determination of Arsenic .—The arsenic was estimated in 
solutions containing sulphide, ether, alcohol and water, by 
evaporating to dryness in a beaker on a water bath, after co- 


' KAl(SC)4)a.i2H80. 

^ Jour. Cheni. Soc., 67, 65 (1895). 
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agulating with a drop of sulphuric acid. About 15 cc' of 
concentrated sulphuric acid was then added and the whole 
heated on a gauze for some time after dense white fumes be¬ 
gan to come off, or until the solution became quite clear and 
all free sulphur had disappeared: the sulphur dioxide formed 
keeps the arsenic reduced as arsenious acid. It was then 
cooled, diluted, nearly neutralized with ammonia, and then 
made alkaline with a saturated solution of ammonium or 
sodium bicarbonate, using about 10 cc in excess of that neces¬ 
sary for neutralization. The solution was then eooled in 
ice water and titrated with tenth or hundredth normal iodine 
according to the amount of arsenic present. The volume of 
final solution titrated was usually about 300 cc; starch was 
used as indicator and a small crystal of potassium iodide 
was added. 

Determination of Hydrogen Sulphide.- In connection with 
this work a convenient method of determining the strength 
of an aqueous solution of hydrogen sulphide was worked out. 
A known volume of the solution was run into a measured 
cxeess of volumetric silver nitrate; a little precipitated cal¬ 
cium carbonate free from chlorides was then added, and the 
whole boiled and filtered. The excess of silver in the solu¬ 
tion was then determined volumetrically by sodium chloride 
with potassium chromate as indicator. This method was 
found to be more reliable than oxidation with iodine. 

Effect of on the Binodal ('hitc. —It seemed very im¬ 
probable that the presence of the colloidal sulphide could 
affect the composition of the solutions of the binodal curve; 
but, to make sure, a direct determination was made, as de¬ 
scribed on page 682, using in place of water an aqueous solu¬ 
tion containing i x. 7 g arsenious sulphide per liter, and sub¬ 
tracting the weight of colloid to obtain the weight of water 
used. The result (expressed as in Table I) was; 

Ether 0.494 Water o 506 Alcohol o 385 Sp. gr. 0.8748 

giving a point that fits right on the curve obtained in absence 
of arsenic. 
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■ Effect of A52S3 on the Specific Gravity .—One cubic centi¬ 
meter of the solution of the preceding paragraph thus weighs 
0.8748 gram and contains 

0.8748 X 0.0117 X 0.506/1.1385 = 0.0037 g- AssSa 

The specific gravity of amorphous arsenious sulphide is 2.76;* 
assuming that of the suspended sulphide to be the same, the 
volume of the o 0037 gram would be 0.0014 cc, and the re¬ 
maining 0.8748 - 0.0047 = 0.8711 gram of liquid would 
occupy r.ooco— 0.0014 = 0.9866 cc, corresponding to a 
specific gravity of 0.8723 which agrees well ’with the in¬ 
terpolated specific gravity 0.8724 of the arsenic free solution 
of the binodal curve. 

As a further check, a “tie-line determination” was made, 
the arsenic content and the specific gravity of upper and lower 
layers being determined. The gravities were then corrected 
for the arsenious sulphide present, and the “corrected” values 
were found to lie on the line in Fig. III. The numbers found 
were: 

Upper layer 0.0007 g AS2S3 per cc, Sp.gr. 0.8612 corr. 0.8608 
Lower layer 0.0074 AsjSa per cc, Sp. gr. 0.8904 corr. 0.8855 

Distribution Experiments 

Measured amounts of the aqueous-alcoholic colloidal 
solution of arsenious trisulphide were brought into a cylin¬ 
drical glass stoppered 200 cc bottle, about 13 cm tall; enough 
alcohol, water and ether were then added to nearly fill the 
bottle with a two phase liquid system of the desired composi¬ 
tion. The whole was kept in the ice bath, and when the 
lower layer had settled a little, leaving the upper layer trans¬ 
parent, the amount of sulphide in the latter could be roughly 
estimated by the color. Very small amounts of the reagents, 
sometimes but one or two drops, were then added, until 
after shaking and letting stand the upper layer showed the 
color desired. 

After complete separation of the phases had taken place, 
about 25 cc of the upper layer was siphoned off and its specific 

* Hausiuann. Liebig’s Ami., 74, 199 (1850). 
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gravity taken. Two other portions of the upper and lower 
layers, usually 25 cc of upper and 10 cc of lower layer, were 
withdrawn for estimation of total arsenic; and still another 
portion of each layer was coagulated with a drop of sulphuric 
acid, filtered, and the arsenic in the filtrate determined. The 
difference between “total arsenic” and “arsenic in filtrate” 
gives arsenic as arsenious sulphide. 

The first determinations (Colloids I and II) were made 
from small amounts of freshly prepared colloidal solutions; 
but as they showed that different colloidal solutions may 
give different ratios of distribution for the same composi¬ 
tion of the phases (as regards ether, water and alcohol) a stock 
of colloidal solution (Colloid III) was prepared from 400 cc 
of I percent aciueous solution of arsenious oxide and an equal 
volume of alcohol as described on page 687, and was used in 
experiments (5) to (13); colloids IV and V were likewise made 
uj^ in (luantity. 

The results of the measurements are given in Table IV; 
the composition of the U])per layer is recorded by the method 
of Table I; in expt. (1), for instance, for every o 552 gram 
ether in the upper layer there was o 448 gram water and enough 
alcohol to make up a solution of the binodal curve. Under 
AsoOj is given the result of the arsenic determination in the 
filtrate after coagulation, calculated as arsenic anhydride; 
and under AvS^vSa the difference between total arsenic and arsenic 
as AsjO.,, calculated as AsjjS^. 

The data of Table IV are ])lotted in Fig. IV; the points 
joined by a curve were all made with one colloidal solution 
(Colloid III) and were made with the fewest number of addi¬ 
tions of reagents to get distribution, and hence with least 
amount of shaking and in the shortest time; the average time 
in the ice bath being about three hours. Points 12 and 13 
were made with Colloid III, which had stood in the presence 
of ether and alcohol for several days. When the layers 
separated quickly, indicating considerable difference in specific 
gravity, sometimes a little colloid would be seen in the upper 
layer; in such cases the upper layer had a milky appearance 
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Table IV— Distribution Data 
Colloid I 



... 

Upper layer 



Lower layer 

Ratio 


Ether 

AS2S8 

per 

AsjOft 

per 



AS 2 Sj 

per 

AS2O6 

per 

liter 

Gras. AS2S1 
in L. L. 



liter 

liter 



liter 

Gras. As2S8 



Gram 

Gram 



Grams 

in U. L. 

(1) 

0.552 

0.177 

0.035 

— 


5.61 

— 

31.6 

J. 2) 

0.559 

0.293 

0.030 

— 

- 

15.62 

0.104 

53-4 




Colloid 

II 




Ta)" 

0.536 1 

0.875 

0.046 

- 

- 

4.86 

0.046 

5.56“ 

_(- 4 l 

_?.- 547.1 

0.764 

0.030 

- 

- 


®° 58 _ 

-_- 9'58 .. 




Colloid 

Ill 




Ts) 

0.554 j 

0.600 

0.023 

- 

- 

7 95 

0.028 

13-2 

( 6) 

0.555 1 

0-556 

0.023 


- 

7*75 

0.046 

1 13-9 

(7) 

0.592 1 

0.0861 

0 021 


- 

9-55 

— 

III .0 

( 8) 

0.571 j 

0.0492 

0.021 



5.26 

0.046 

107.0 

( 9) 

0-537 ! 

0.613 

0.046 

- 

- 

5 15 

— 

; 8 41 

(10) 

0.566 i 

0.516 

0.025 



1518 

— 

29.4 

(II) 

0.562 ; 

0.226 

0.028 

- 


4.80 

1 - 

21.2 

(12) 

0.541 ' 

0.0674 

0.023 

-- 

- 

2.19 

— 

32.5 

.IwL 

0.541 1 

0.0588 

0.030 

- 

“ 



.... 30. 3 _ 




Colloid 

IV 




"(14) 

0.551^ 1 

0,669 , 

0.013 

__ 


10.0 

0.030 I 

14.9 

^ 5 ) 

0.544 i 

2.18 

0.018 



16.1 

0.069 j 

7.38 

(16) 

0.545 1 

0.976 

0.014 

— 

! 

II -3 ' 

0.023 

11.6 

(17) 

0.535 ! 

0.971 

O.OI I 

— 

1 

j 

6.62 ' 

0.021 

6.81 

Jji) 

0.544 ! 

0.212 j 

0.046 

“ 

i 

5-44 : 

0. 122 

25.6 


Colloid V 





Time in 

1 





ice bath 

1 

(19) 

0.562 

0.283 

0,025 

3 hrs. 

6.86 0.064 24.2 

(20) 

0.566 

I. II 

0.014 

5 hrs. 

20.6 0.104 18.5 

(21) 

0.567 

0.223 

O.OT 2 

4 hrs. 

10.42 o.iio 46.7 

(22) 

0.566 

0.0258 

0.025 

7 hrs. 

5.29 0.122 205.0 


and was not clear as in the case of true distribution. Point 7 
illustrates this condition. 
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In the experiments with Colloid IV it was planned to have 
the upper layer much more concentrated with respect to the 
colloid than in former determinations. The points do not 
lie on a .smooth curve. 
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In Kxperinient i8, also with Colloid IV, the solutions 
were made up at the close of a day’s work, and —to judge by 
the eye the concentration of the colloid in the lower layer 
was about ten times as great as in the upper. The whole 
was then allowed to stand at room temperature over night, 
with the glass stopper firmly tied in to prevent loss of vapor. 
Next day, after cooling and shaking, it was at once apparent 
that the amount of colloid in the upper layer had greatly di¬ 
minished; and on making the usual density determinations 
and analyses, a ratio was obtained which is much greater than 
fits in with the other experiments with the same colloid. 

The measurements with Colloid V (19 22) were made 
with the object of obtaining phases of the same composition 
as regards ether, water and alcohol, but widely different in 
the concentration of the colloid. The method was to get 
the layers as nearly as possible of the right composition, and 
then to take the specific gravity of a portion of the upper 
layer, and, guessing at the correction for arsenious sulphide, 
obtain its composition from Fig. III. This portion was then 
replaced, a small amount of the proper liquid added in order 
to approach more nearly the desired density, and the whole 
was shaken and allowed to separate again. These opera¬ 
tions were repeated until an upper layer of the desired density 
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was obtained. Fair success was had in getting closely the 
same composition of phases as regards the organic liquids 
and water; but as seen in Table IV, the arsenic concentration 
ratios varied greatly. 

Conclusions and Summary 

Data have been obtained for the binodal curve and tie¬ 
lines in the system Alcohol water-ether at o°C; the densities 
of the phases atequilibrium have been determined; and a method 
of allowing for the effect of colloidally dissolved arsenious sul¬ 
phide on these densities has been checked experimentally. 
As regards alcohol, water and ether, the compo.sitions of the 
phases at equilibrium are not affected by the presence of col¬ 
loidal arsenious sulphide. 

Colloidal solutions of arsenious sulphide containing alco¬ 
hol and ether are more transparent and are less readily coagu¬ 
lated by salts than aqueous solutions, and there is not so 
much difference between the amounts of differiait salts needed 
to coagulate them. 

Solutions containing alcohol, water, ether, and arsenious 
sulphide undergo change on standing; the amount of arsenic 
found in the filtrate after coagulation with acid increases, 
and the proportion of colloid going into the upper (more 
ethereal) layer on distribution decrea.ses. 

Quantitative measurements of the distribution of the 
arsenious sulphide between the two phases have been made; 
they show that when one and the same colloid preparation is 
used, and the meavSurements are carried out under the same 
conditions as to agitation, time of standing, etc., the ratio of 
distribution varies continuously with the composition of the 
phases; and that, other things being equal, the fraction of the 
arsenious sulphide going into the upper layer decreases with 
increase in the concentration of the sulphide. 

My thanks are due to Prof. W. Lash Miller, under whose 
direction these experiments were carried out in the Univer¬ 
sity of Toronto, during the winter of 1911-1912. 
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The Chemistry of the Radio>£lements» II. By Frederick Soddy, 
{Monographs 07 i J nor game and Physical Chemistry) j§ y 32 cm; 
pp. V 46 Ni'w York' Longmanst Green & Co., IQ14. Price: $0.60 net .— 
This is essentially a continuation of the first monograph (16,341); but the rapid 
development of the subject makes this hook much the more interesting one. 
It is diflicult to avoid ciuotiiig too much. Jn the introductory chapter the 
author says* “The chemical non-separability and identity of different radio¬ 
elements, fust definitely drawn attention to m the case of radium and meso- 
thorium I, und now shown to be the general characteristic of the radio-elements, 
becomes something more than the expression of experimental failures to separate 
and distinguish But now W'C may go on to ciuisider the reasons under¬ 

lying these facts, which make it appear that chemical non-sepaiability and 
identity may be somelhing 11101 e tliaii merely the pre.sent limitations of the art 
of chemical analysis It is necessary to reffect that, apait from radioactive 
evidence, the existenci* of more than one element 111, for example, uranium or 
thorium could not have been .suspected, to realize that chemical analysi.s, in 
general, is really not an analysis of matter into honogencous elements at all, 
but rather into a number of types, homogeneous merely in then chemical be¬ 
havior l{ach type is recognizably different from other types by chemical 
methods, but may or may not be homogeneous as regards, for example, other 
pi'opertics, such as atomic mass mid stability. The ])eriodic law expresses a 
per uiltum rather than a giadual change of chemical properties There are a 
limited number onl> of possible chemical type.s reprc.sented by the .sejiarate 
]>laces in the periodic table But these types in the only cases, those of the radio- 
elements, where we have an entirely independent method ol analysis, prove 
not to be homogeneous 

“It will be a great convenience if some new woid is employed to express 
this newly revealed coniidexity of matter 'fhe words ‘isotojie* and ‘isotopic’ 
suggest theniselves Henceforward a group of two or more elements occupying 
the same place in the periodic table, and being in consequence chemically non- 
set>arable and identical, will be referred to as a grou]) of isotopes, and, within 
the group, the separate members will be referred to as isotopic Thus ionium, 
thorium, and radio-thorium are isotojies, and mesothoriutn I isotopic with 
radium. 

“When an a-iiarticle is expelled it carries wnth it two atomic charges of 
positive electricity, and the expulsion of these two positive charges from the 
atom affects the valency of the product, as Bajans has pointed out, exactly as 
in ordinary electro chemical changes of valency. If the atom were initially in 
Group TV, for example, its ion is tetravalent, and carries four atomic charges of 
positive electricity. Two such charges having been expelled with the o;-patticle 
the product is in the divalent group 11 non-.separable from radium. The mass 
ill this case is four units less. 80 with the ^-lay change. The /^-particle is a 
negative electron and the loss of this single atomic charge of negative electricity 
increases the jiositive valency of the product by one. Kadiuin B, for example. 
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isotopic with lead, expels a / 3 -particle and becomes radium C, isotopic with 
bismuth. But the mass in this case is practically unchanged. When one a- 
and two /3-particles are successively expelled in any order the mass is reduced 
by four units, but the electrical content, as defined by the relative number of 
positive and negative charges in the atom, is unchanged. Hence the place 
occupied by the atom is the same as initially, and two atoms of different mass 
come to have identical chemical character, that is, are isotopic. But isotoi es 
are not confined to the members of one disintegration series Whenever two or 
more radio-elements fall into the same place in the periodic table then, in- 
dei>cndently of all considerations as to the atomic ma.ss, the nature of the i arent 
element, and the sequenct* of changes in which they result, the elements in 
question are chemically non-scparable and identical. As will later appear, 
this identity probably extends also to more of the physical properties, such as 
volatility and s^HJCtrum reactions. 

“The place occupied by the atom in the Periodic Table is thus primarily 
not a function of its mass, as has hitherto been supposed, but of its electrical 
content, as defined, and only to a secondary extent of its mass. In conse¬ 
quence a chemical element is not necesvsarily homogeneous, and its atomic weight 
may be, and possibly, in general, is, a mean value rather than a natural ct^nslant 
In the vertical rows, on the other hand, where the mass varies by large steps as 
between the various members of the same family of elements, the members are 
analogous but not identical in chemical properties. Thus the Periodic baw 
repre.sents the chemical character of matter as the function of twn) variables 
rather than of one. Of these two variables the electrical content is the essential 
variable in the horizontal columns, and the mass in the vertical columns. As 
between the successive members of the horizontal rows, the mass, while without 
direct influence on the chemical properties, is indirectly of paraiiKaint importance 
because of its effect on the stability of the atoms If we exclude the radio- 
elements and confine ourselves only to the stable or common elements, for 
which the Periodic Table was originally constructed, it is clear that, whether 
a given clempnt is homogeneous or not, is, in the end, a question whether in llial 
place in the Periodic Table more than one iscHope is stable—that is, whether 
atoms of different mass can permanently exist as stable systems wdien in associa¬ 
tion with the i)articuiar charge necessary to give the chemical character of the 
particular element in question. If only (me isotope is stable the element must, 
with lapse of time, become homogeneous, unless, as in radioactive changes, the 
unstable isotope is being continuously maintained. But it may not even be the 
general rule that only one isotope is vStable. Considerations of this kind may 
explain the * exceptions,' such as argon and tellurium, to the Periodic Law, 
and the abvsence of mathematical relationships between the atomic weights.” 

The section on the nature of the end-products in radio-active change, p. 
28, contains two very interesting paragraphs, 

“The question thus arises whether common lead is a homogeneous element 
of atomic weight 207.1, as expressed in the International List, or a mixture 
of the end products of the three series in various proportions. There has long 
been an unexplained discrepancy between the atomic weight of lead and that 
calculated for the end product of the radium series. For the atomic weight of 
radium is now known with an accuracy at least as great as that of lead, owing 
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to the splendid work of Honigsehmid with over i gram of pure radium chloride. 
From this figure, 225 95, it is clear that the atomic weight im.y be taken without 
serious error as 226, so that the atnmio weight of the end [iroduct, after the 
expulsion of 5 a^r articles of mass four, would be 206, or 1,1 units below the 
value for lead But the calculated value for both the end products of the 
thorium series is 232.4 minus 24, or 2084 The end products of actinium would 
only be present in relatively small proportion, and may be neglected. If actiinum 
has the same atomic wright as radium, both end products would have the atomic 
weight 210, which is the same as that of the end product of the minor bianch 
of the radium series’, formed in altogether negligible proportion Hence it is 
clear that, whatever be the actual case, the atomic weight of lead agrees wdth 
what IS to be expected for a mixture ol the end products Cif the uranium and 
thorium series in similar proportion 

“It is of interest to note how nearly science has appn^ached to the solution 
of the problem of tin' alchemist. If thallium could be made to expel an a-particle, 
or mercury one a~ and one ^-particle, the protluct would be isotopic wnth gold 
Thfmgh, of course, tliis is not yet possible, tliere can be little doubt that success 
would follow the application of sufticieiitly great electric potentials, of the order 
of some millions of volts. So far as can be seen all insulating media, even a 
perfect vacuum, fail at potentials far short <)f this, conceivably by such dis 
integration of the material of the electrodes “ 

On p. 30 WT find a discussion of the origin of actinium 

“Although the long out.standing ])roblem of the origin of actinium has not 
yet been cleared up. the number of possibilities to be considered is now’ greatly 
reduced, and it is to be expected that the answer to this (luestion will si.on bi‘ 
forthcoming There is little doubt that actinium is a relativelv .shoit-hved 
radio-element, and that its period cannot be greater than a century at most 
Mme Curie, from direct observation, estimated the period provisionally as only 
thirty years. From the fact also that intensely active preparations of it have 
been iirejmred, it scarcely can be a primary element, and the first question 
to be considered is its parent. On this point the rules give an alternative 
Fither it must be formed troni radium, or one of its isotopes in groui) II A, in a 
(i-vay change, or from ‘ Kka-tantaluin,’ group \ A, in an cr-ray change .At 
first, before the discovery of uranium X*. the writer suggested that the un 
known product of uranium X, in group V A, might disintegrate dually, like 
the C members in group V.B, giving uranium II in a ^:l-ray, and actinium in a 
a ray change This could only have remained unknown if the jieriod ol this 
unknown member were very long. In this case ‘Kka-tantalum ’ would constitute 
a new radio-element, obtainable from minerals in quantities sufHcient for chemical 
examination. The di.scovery of uranium X.; in this place, and its short life and 
absence of a-radiation, disproved this view^ 

“An experimental examination of a preparation of radium bromide, con¬ 
taining 13.2 mg of radium (element), which was ten years old, and had not been 
subjected to any interference during that time, disproved in turn the second 
alternative. No trace of actinium was found to be present in the p.repaiation, 
although radio-thorium in distinct amount was obtained. The origin of this 
radio-thorium, presumably, i.s the minute amount of thorium which is known 
to be present in Joachimsthal pitchblende, from which the radium was extracled 
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Mesothorium I, isotopic with radium, would thus be present, and would produce 
radio-thorium. Since radio-actinium is isotopic with radio-thorium, the ab¬ 
sence of any indication of actinium, though radio-thorium wEvS detected, is a 
guarantee that no appreciable amount of actinium can have been formed The 
conclusion was reached that actinium cannot be produced from radium unless 
it has a period of at least 15 million years, which is practically impossible, as 
this would mean that there must be about 170 grams of it per ton of uranium in 
minerals, and that the a-activity of pure actinium in equilibrium with its j)ro(h 
ucts could never be greater than 1650 times that of uranium. 

“It has been supposed that uranium Xt, ratlier than uranium X2, might 
undergo the dual disintegration, in both modes, with expulsion of fi-rays, pro 
ducing two isotopes, therefore, in group V.A, one of which would be uranium 
X2, and the other the missing parent of actinium. Once, however, the possi¬ 
bility of a dual change is admitted, giving the same kind of rays in both modes of 
disintegration, other alternatives can be framed, ft seems extremely likely 
that some such change does occur. 

“At present the most i)robable theory is connected with the existence of 
uranium Y, which AntonolT claimed to have discovered in 1911. The effect 
on which he based this conclusion was that the soft /i^-radiation of uranium X 
decays, in certain cases, abnormally rapidly for the first few days after separation 
from uranium. This effect has been called in question, but repeated and re 
affirmed by AntonofT, and has recently been independently confiimed by tlie 
author so far as tlie main result is concerned. Hut if it is due to the existeuee 
of a separate product, uranium Y, this product appears now to be isotopic with 
uranium Xi, and to be formed directly from uranium, either I or II, presumably 
in a branch a-ray change. AntonofT states that the proportion of /:l-radialion 
contributed by uranium Y is of the right order to be exiieeted if it is the first 
meml>er of the actinium branch series, and this view also is independently sui>- 
ported. If uranium Y exists and is the parent of actinium, one a- and one 
/ 3 -particle must l>e expelled in the passage from group IV A (uranium Y) to 
group III.A .(actinium). So far there is, however, no evidence of the «-ray 
change,” 

On page 34 the author first outlines Sir Jo.seph Thoni.son’s method for 
determining the masses of the positive ions in ultra-rarefied gas under the action 
of the electric discharge 

“Several ions were so recognized, corresponding with no previously known 
particle. Some of these, notably ‘X3,' which is now regarded as H3, the hydrogen 
analogue of ozone, are probably new molecular species, highly interesting in 
themselves, but not directly connected with the present subject. 

“In the case of the element neon, in addition to the known atom of mass 
about 20 a second was discovered of mass, about 22 which could not be ascribed 
to any known element. In consequence, an investigation of atmospheric neon 
was made by F. W. Aston, and a preliminary communication of the results was 
made at the 1913 British Association meeting at Birmingham. A prolonged 
series of fractionations by the use of cold charcoal did not affect the density 
of the neon, or the relative amount of the heavier constituent, as shown by the 
positive ray method of analysis. Then a series of fractional diffusions, coupled 
with density determinations, was carried out, which resulted in a partial sepa- 
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ration of the two constituents, as attested liy a eliaiiKe of density. The elements 
appear to be identical in all their properties except atomic weight, and no change 
in the spectrum coriesiKmding with the change of density has been observed. 
The continuation of these experiments, which, naturally, aie long and laborious 
should thus furnish valuable evidence on the cpiestujns discussed in this memo- 
graph, and particulaily as to whether isotopes have the same physical properties 
apart from those depending directly upon molecular mass.” 

An interesting discussion of the argon gases is to be found on p. 43. 

"The chemical inertness of the inert gases and the ?ero number of the 
family 111 the ])eriodic grouping cannot therefore mean that these elements have 
no detachable electrons, but rather that the electrons are not detached by chemical 
agencies. 

“A suggestion was made by Armstrong, as long ago 1895. that the mole 
eules of the argon gases are made up of more than one atom with such intense 
aflimty lor one another that they aie destitute of external combining power, 
and that in coiisetiuence we do not know either Ihtir atomic weight or position 
111 the Periodic Table. On the other hand, to day the moiialomicity f)f the 
argon gases is accei>ted for an immense variety of reasons, in addition to those 
originally available Indeed, it is directly proved by radio-active evidence of 
the most varied description, both 111 eoimection with the volume occupied by the 
emanation and the helium prodiu'cd in a known time from radium, for which 
the nunibeT of alums disintegrating has been counted; by the density of the 
emanation, as shfiwn by elirect and inebreet diflusion methods, by the fact that 
the stopping t>ower of helium is in accord wath Bragg’s atomic square-root law, 
and IS nearly the same as that of hydrogen, though its density is twae'C as great 
and lastly, by the piTiodic law geiierah/.ation here dealt with, winch confirms the 
/.ero position assigned to the inert gases But Aiinslrong’s sugge-slion contains 
the germ of an idea which serves to explain the chemical inertness of the argon 
gases. Instead of siip])osing that the atoms of the argon gases have an intense 
affinity for one another, it may be supposed that this intense and o\erwluimiiig 
affinity exists betw'ceii the single aigoii atom and Us detachable electrons Just 
as chemists now explain many of the properties ot nitrogen and its ei mpouiids 
ns being due to a tirefereiice of the nitrogen atoms for one another in their com¬ 
binations lather than for any other atom, so we may regard the ehenneal inert¬ 
ness of argon as eoiuhtioned f)y its pieference for eleetrieily rather than loi 
matter It will not part with its detachable electrons to chlorine, toformcom- 
ixuinils of the tytie ACI2, because its affinity for the imatlaohed electron is greater 
than that for the electron attached to a ehlonne atom, that is, for ehlonon 

‘'Considerations of this character make it clear that the ligiires attaclied 
to the various families of the I’enodie Table are relative rather than absolute 
They represent not so much the absolute number of dtUachable electrons in the 
outer atomic ring as the mimlier which one atom will succeed in detaching from 
another, the absolute number present in the ring being unknowni " 

Wilder P. Bancroft 

Rays of Positive Electricity and their Application to Chemical Analysis. 

By Sir J. J. Thomson. 16 X 22 im: pp. v *f IJ2. Neic York: Lotii^man.^, (Jnrn 
Co., ipyj. Price: $J.40 net .—In the piefaee the author says: “I have de 
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scribed at some length the application of Positive Kays to chemical analysis; 
one of the main reasons for writing this book was the hope that it might induce 
others and especially chemists, to try this method of analysis. I feel sure that 
there are many problems in Chemistry which could be solved with far greater 
ease by tliis than by any other method. The method is surprisingly sensitive 
more so than that of Spectrum Analysis, requires an infinitesimal amount of 
material, and does not require this to be specially purified: the technique is not 
difticult if appliances for producing high vacua are available.’* 

The book is an extraordinarily interesting one and I hope that the quota 
tions, pp. 37, 49, 53, 65, 67, 84, 96, 99, will give .some idea of the scope. 

“The question arises whether the corpuscles which produce the secondarie.s 
by neutralizing a positively charged jiarticle or ionizing a neutral one are free, 
or are those bound up in the molecules of the gas through which the positive rays 
are traveling. There are several reasons for thinking that the latter hypothesis 
is the more probable one. 

“For if the corpuscles which neutralize the positive particles are free they 
should be removed by a strong electric field which ought therefore to diminish 
the brightness of the secondaries. I have, however, never been able to detect 
an effect of this kind. 

“Again if free corpuscles were those which neutralized the positively charged 
particles, the distance such a particle would travel before it got neutralized woidd 
depend only upon the density of the free corpuscles. Now this density depends 
upon the amount of ionization produced by the i>ositive rays after they have 
passed through the cathode; this will vary with the number of these* rays as well 
as with the pressure and nature of the gas through which they travel Conse¬ 
quently the distance a positive particle has to travel before it gets neutralized 
will depend upon other tilings besides the pressure and character of the gas, 
and will not therefore have a very close connection with the free path of a mole¬ 
cule of this gas. Wien, who has made a very complete study of the distance a 
charged particle travels before it gets neutralized, finds that it is t>f the same 
order of magnitude as this free path and does not depend upon the number of 
free corpirscles. This is in favor of the view that the corpuscles which neutralize 
the positive particles are not free, the process of neutralization seems to lie that 
the positive particles move through the molecules of the gas and pluck out of 
them the corpuscles required for neutralization. 

“Again, we conclude for similar reasons that the corpuscles which ionize 
a neutral p'article are not free but boimd up in the molecules of the gas through 
which the positive rays pass. These rays, like the a-particles, .seem to be able 
to pOvSs right through the molecules, and Kdnigsberger and Kutschewski have 
shown that when moving through a gas they suffer little diminution in velocity 
until they are nearly at the end of their path. If the corpuscles which neutralize 
the positive particles are not free but are in the molecules of the gas through which 
these particles are passing, we can understand why there is a lower as well as 
upper limit to the velocity of the particles which give rise to the secondaries 
due to particles which have been neutralized while passing through the electric 
and magnetic fields. For on this view the particle before it can be neutralized 
has to detach a corpuscle from an atom or molecule. To dq this requires the 
expenditure of a definite amount of work which has to be done on the corpuscle 
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by the particle. The energy communicated to the corpuscle depends on the 
velocity of the particle and unless this velocity reaches a definite value the 
corpuscle will not get enough energy to escape from the molecule and will thus 
be unable to neutralize the particle. 

“The question now arises as to how the mercury atom acquires these very 
various charges Can an atom of mercury when ionized lose any number of 
corpuscles from one to eight, or does it alw'ays lo.se a definite number? Take 
for example a mercury atom with five positive charges: has it got into this con¬ 
dition by losing five charges when it was ionized, or did it originally lose the 
maximum number eight an<l regain three subsequently? The photographs 
suggest, I think, that the second supposition is the correct one, and that in the 
discharge tube there are two and only two kinds of ionization By one of these 
kinds the mercury atom loses one corpuscle, by the other eight. 

“The maximum number of charges carried by a multiply charged atom 
does not seem to be related to any chemical property of the atom such as its 
valency, hut to dopvnd mainly on the atomic weight; thus mercury, the most 
massive uUmi on which observations have been made, can have as many as eight 
charges, crypton atomic w'cight (82) four or five, argon atomic weight (40) 
three, neon atomic weight (20) two. nitrogen atomic weight (14), and oxygen 
(16), tw’o, perhaps in rare cases three, helium also oc'curs with two charges, the 
multiple charge has been found on the atoms of all the elements tested with the 
very suggestive exception of hydrogcir no hydrogen atom with more than one 
charge has ever been observed, though as the hydrogen lines occur practically 
on every plate more ob.servatioiis have been made on the hydrogen lines than on 
those of any other element. 

“When there are on the plates lines corresponding to atoms of the same 
element with one. two, or three charges, then the larger the number of charges 
the fainter the line. Judging from the intensity of the lines we .should conclude 
that the num!)er of multiply charged atoms is only a small fractiim of the number 
with one charge The ratio of the number of atoms which have only one charge 
to that of those w'hich have two or more charges is very variable and depends on 
conditions which are not yet fully understtiod For example, in the case of the 
carbon atom this ratio seems to depend to a very great extent on the type of 
gaseous carbon compound in the discharge tulH‘ With some hydrocarbons 
the doubly charged eaibon atoms arc relatively much brighter than with others 
Again, in the case of oxygen 1 have found that the purer the oxygen the fainter 
the line due to the doubly charged oxygen atom in comparison with that ilue 
to the atom with only one charge. It would seem that atoms lorn from chem¬ 
ical comtwunds were more likely to have a double charge than Uiose obtained 
from a molecule of the element, Chemical combination can not, however, be 
the. only means by which the atoms acquire multiple charges, for the atoms ol 
the inert monatomic gases, neon, argon and crypton, are remarkable for the 
ease with which they acquire multiple charges 

“I have not been able to find any case in w’hich a molecule of either an 
elementary or compound gas carries a double charge The line coriespoiiding 
to the molecule of nitrogen appears on some plates to have a prolongation towards 
the vertical axis; this would imply a double charge on the nitrogen molecule 
I am inclined to think that this prolongation is not really due to the nitrogen 
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molecule, but to the atom of aluminium, as mje for this atom is 27.5, and for 
the nitrogen molecule 28, the lines would be so close together that it would be 
difficult to differentiate them. . . 

'‘Chemical action, unless accompanied by high temperature, has not been 
shown to give conductivity. The very vigorous combination of hydrogen and 
chlorine under sunlight seems to have absolutely no effect on the conductivity 
of the mixture, and this is a strong reason for supposing that the atoms in the 
molecule are not charged. 

“It is true that chemical actions vigorous enough to raise the gases to a very 
high temperature, such as, for example, the combination of hydrogen and oxygen 
in the oxy-hydrogen flame, the oxidation in a Bunsen flame, the burning of CO 
and so on, make the reacting gases good conductors of electricity. This conduc¬ 
tivity seems, however, from the result of recent experiments, to be due to the 
high temperatures produced by the chemical action rather than to the action 
itself. The conductivity cannot be due to the molecule being dissociated into 
positively and negatively electrified atoms, for the determinations of the mo¬ 
bility of the negatively electrified particles in flames and gases at a very high 
temperature show that it is much larger than would be possible if thCvSC particles 
had masses comparable with that of even the lightest atom. These negatively 
electrified particles are corpuscles, not atoms, and the electrical conductivity of 
gases at high temperatures is due to the dissociation of the molecules and atoms 
into positively charged molecules and atoms and negatively-electrified corpuscles, 
and not to a di.ssociation such as occurs in solution when the electrified bodies 
are positively and negatively electrified atoms. The conductivity of hot gases 
seems to be an example of the emission of corpuscles from hot bodies, rather than 
to be directly connected with chemical combination. We know that when we 
raise solids such as metals, or still better, certain oxides to a high temperature 
they give out copious streams of corpuscles, and the conductivity of flames is 
better explained by supposing that gases pos.sess this property to some extent 
than by attributing it to chemical action alone, 

“We are led by these results to regard the electrical forces which keep the 
atoms ill a molecule together as due not to one atom being charged positively and 
the other negatively, but to the displacement of the positive and negative elec¬ 
tricity in each atom. Thus each atom acts like an electrical doublet and ab¬ 
stracts another atom in much the same way that two magnets attract each 
other, 

“We see that in some gases we have Iwjth atoms and molecules, in others 
only atoms. We can infer from the study of the curves produced by the posi¬ 
tive rays that helium, for example, is a monatomic gas, hydrogen and oxygen 
di-atomic. 

“The rays show too that the atoms and molecules of the gases can be charged 
with electricity; all of them, as far as we know, with fiositive electricity, .some of 
the atoms with negative as well. The circumstances are very unfavorable for 
particles in the positive rays to get a negative charge, and we must not conclude 
that because an atom or molecule has not been observed to acquire a negative 
charge when in the positive rays it is incapable of doing so under more favorable 
eireunistanees. 
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"Wc have seen too that the atoms of all the elements except hydrogen can 
acquire more than one unit of juxsitive charge The maximum number of such 
units seems to depend on the atomic weight of the atom, for mercury, the heaviest 
atom yet investigated, it is as large as eight, for krypton four or five, for oxygen 
two, and so on. No undoubted case of a double charge on a molecule, whether 
of an element or a comi)ound, has yet been obser\'ed. In addition to the atoms 
and molecules of recognised elcinents these rays reveal the existence of radicles 
and other combinations which are not known to exist permanently in the free 
state Thus the positive rays from marsh gas CIT4 show, in addition to the atom 
amd molecule of hydrogen and the atom of carbon, the systems CHj, CH2, CIIs, 
0114 The radicle Oil with a negative charge has also been found when water 
vajior was in the tube We can detect by this method systems which have a 
very transitory existence, for they need only last long enough to travel from the 
discharge tube to the photographic plate, a journey which takes less than the 
millionth of a second 

“Again the rays show that with those compounds of carbon, which contain 
two or more carbon atoms united by bonds, two carbon atoms connected to¬ 
gether are found in th<‘ ])ositive rays, and since they are found with a negative 
as w^ell as w'ith a positive charge the two carbon atoms united in this way 
cannot be saturated. 

“The positisely chaiged particles, wdiich we have hitheito considered, 
originate in the neighborhood of the cathode Ohreke and Heichenheim have 
discovered rays (jf positively charged particles which start from the anode Their 
attention was called to these rays by noticing that a p(?ncii of yellow light streamed 
from a point on the anode of a tube with which they w’ere w'orking. It w'as 
found that there had been a speck of sodium chloride at the points on the anode 
from which the pencil started They got these rays developed to a much greater 
extent when they used for the anode a piece of platinum foil with a little pocket 
in which various salts could be placed The foil was m circuit with a battery 
insulated from the one used to send the current through the discharge tube; 
this battery was for the purpose of raising the anode to a red heat, as these rays 
are not develojicd unless this electrode is at a high temperature The current 
thiough the tube was protluced bv a battery giving a iiotential dilTerence of about 

volts which, as a Wehnelt cathode was used, was suflicient to semi a very 
considerable current through the tube; the jircssurc in the tube was \cry low 
The rays were well develoi)ed in this tuln* when NaCl, iviCl, KCl and the clilo* 
rides of Cu, Sr, Ba, In, weie placed in the pocket. The color of the rays conc- 
sponded with the color given to flames by the salt. They did not get any clTect 
when the oxides of calcium or barium were put in the pocket; these oxides ate 
known when hot to give out large streams of negatively electrified corjaiscles 
and for this reason arc used for Wehnelt cathodes. These rays are apparently 
only given out by the salts of the metals and not hy the metals themselves, they 
are called Anode ravs 

“Stark’s experiments have shown that the source of the senes lines is one 
of the constituents of the positive rays* the question is, which constituent. We 
have seen that in hydrogen, for example, we have p(^siti\ely and iiegativelv 
charged atoms, as well as neutral ones, wc have also positively charged and iieu 
tral molecules. There is considerable difl'erence of opinion as to which ot lre.se 
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is responsible for the scries lines in the hydrogen spectrum. All theories concur 
in regarding the atom and not the molecule as the source of these lines, but ac* 
cording to Wien’s theory the atom radiates .when in the neutral state, while Stark 
maintains that the radiation is emitted when the atom has a positive charge: 
according to his view the lines emitted by the neutral atom are far away in the 
ultra-violet. 

“The spectroscopy of the positive rays suggest some very interesting ques¬ 
tions, as, for example, what kind of light do the molecules emit? In the positive 
rays in hydrogen the molecules frequently outnumber the atoms, but no radia¬ 
tion that can be attributed to the molecules has yet been detected. The second 
spectrum of hydrogen is there, but as it does not show the Ddppler effect it cannot 
be due to the molecules. It would seem as if the molecules must either give 
rise to a continuous spectrum or else to one in the infra-red. 

*‘As the second spectrum of hydrogen is present when the positive rays 
pas.s through a gas, but does not show any displacement, it must arise from some 
proce.ss in which the moving particles do not take part, such for example as a 
combination of a positive atom with a negative one (not with a corpuscle) to 
form a neutral molecule 

“Stark has detected by the increased Doppler effect lines due to the doubly 
and triply charged atoms of mercury and to the doubly charged atom of helium. 
He finds that the lines given out by the multiply charged atoms Wong to 
different series in Paschen and Runge’s classification from those given out by 
atoms with only one charge.'* 

Wilder D. Bancroft 

Handbuch der Mineralchemie. By C. Doelter, Vol. 11 , Part V. i8 X 
2S cm; pp, 248 Dresden: Theodor Sleinkopff, igi4. Price, $Q io marks. —This 
number completes the second volume and contains the title-page together with 
name index and subject index. Nephrite and jadeite are included in this number, 
thus finishing the discussion of the amphiboles There is a chapter on man¬ 
ganese and ferrous orthosilicates, followed by one on the orthosilicates of beryl¬ 
lium, manga*ne.se, and iron which contain sulphur, in other words helvin and 
danafith. Thirty pages are devoted to the raetasilicates of manganese and iron 
after which come shorter sections on the silicates of nickel, copper, zinc, and lead. 

Wilder D. Bancroft 

Metallographie. By Cecil H. Desch. Translated by F. Caspari. {Hand- 
bur h der angewandten physikalischen Chemie. Band XII.) 17 X 2 $ cm; pp. 

V + 26$. Leipzig: Johann Ambrosius Barth, IQ14. Price: paper, 14 marks; 
bound, 75 marks. —This is a translation of the English edition (14, 792) with some 
changes to take account of the recent work. There are many more literature 
references in the German edition. In the case of the iron-carbon diagram, the 
author has taken a distinct step backward. He now gives four lines to Upton’s 
work where he gave four pages luifore. The section on the theory of polishing, p. 
209, has been amplified though not much changed. Beilby's theory of the amor¬ 
phous states is accepted as true ajid there is a complete disregard of the experi¬ 
ments on electrolytic deposition of metals. In spite of these defects the book 
is a valuable one and a welcome addition to the series. Wilder D. Bancroft 




THE ELECTROLYTIC DETERMINATION OF NICKEL 


BY W. JUDSON MARSH 

Among the methods proposed for the electrolytic de¬ 
termination of nickel, that of A. Classen, who uses a solution 
containing an excess of ammonium oxalate, is quite generally 
recommended by the standard text books on quantitative 
analysis. The method is also mentioned favorably in some 
of the books on electro-analysis. Work in this laboratory 
had already shown that this method was not especially ac¬ 
curate or easy to carry out and so it was decided to repeat 
certain work already carried out and to test out .certain other 
suggestions made by Professor Bancroft, of this laboratory. 

Much work has already been done on the electrolytic 
determination of nickel and its congener cobalt, but a com¬ 
plete bibliography of such research is not required in the 
present article.* 

In 1902 Akerberg* made a study of the rapidity of the 
electrolytic decomposition of oxalic acid in the presence of 
sulphuric acid, in which he came to the following conclu¬ 
sions; 

1. In H2SO4 solution oxalic acid is but little decomposed 
by the electric current. 

2. Platinized platinum anodes cause the decomposition 
of oxalic acid, i. e., it is oxidized at the anode. 

3. Reaction is monomolecular, i. e., 

H2C2O4 -f O —^ H2O = 2CO2 

In 1909 G. Lambris® reported a further research on ‘‘The 
Taking-up of Carbon by Metals in the Case of Electrolysis 
from Aqueous Solution, with especial Reference to Nickel.” 
In this article the author reviews previous work on the elec¬ 
trolytic deposition of carbon and describes his own experi¬ 
ments minutely. It had been found that certain carbona- 

^ Zeit. anal. Chem., 19, 314 (1880). 

’ Zeit. anorg. Chem., 31, 161 (1902). 

* Zeit. Elektrochemie, 15, 973 (1909)- 
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ceous material was deposited along with nickel in the method 
suggested by Classen and the author attacked the problem 
of explaining and preventing this. He came to the following 
conclusions: 

1. The absorption of carbon by the nickel is entirely 
due to a gas reaction. 

2. The gases which introduce the carbon are CO, CO2 and 
C2H2. Such gases as are reduced beyond C2H2 do not intro¬ 
duce any carbon. 

3. Oxalic acid is partly reduced to C2H2 upon platinum 
and nickel, but not when Cu, Fe, or Sn cathodes are used. 
Therefore C2H2 is only a carrier of carbon to metals (cathodes) 
in electrolysis. 

4. The carbon in electrol5d;ic Ni is present in the form 
of carbide. 

5. A porous porcelain cup placed about the cathode 
prevents the deposition of carbon with the nickel. 

6. The introduction of (NH4)2C03, C2H2, CO2 and CO 
into the cathode compartment causes the separation of car¬ 
bon along with nickel. 

7. When C2H2 is used, the carbon content is very nearly 
the same as in case of the oxalate electrolysis. 

Lambris also did much other work on the nature of this 
carbonaceous matter deposited, and came to the conclusion 
that it existed as a carbide, which, when separated out for 
analysis, invariably yielded heavy hydrocarbons, light hydro¬ 
carbons, carbon dioxide, and hydrogen on treatment with 
dilute HCl. He also concluded that certain small amounts 
of ammonium salts were held (adsorbed) by the carbon itself, 
which separates on dissolving the metal deposit. He was 
able to obtain results from 2 to 2.5 percent in excess of the 
weight of nickel known to be present (e. g., 8.6 mg carbon 
in a deposit of 0.4403 gram nickel). 

Classen’s method is described in his book, “Quantita¬ 
tive Analysis by Electrolysis’’ (1903 edit., p. 160) “Metal 
present as sulphate. > 

Substance added: 6 to 8 grams ammonium oxalate. 
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Total volume of solution; 120 cc. 

Temperature; 60° to 70°. 

Current density at cathode; N. D. = i .0 ampere. 

Potential difference; 3 to 4 volts. 

Time required; about 3 hours.” 

Classen advises the use of ammonium sulphide to test the 
solution for the last traces of nickel. His book gives short 
descriptions of the methods of Fresenius and Bergmann 
{ (NH4)2S04 4 - free NH4OH in solution}, Oettel (chloride solu¬ 
tions), Smith (cyanide solution). Fernberger and Smith 
(phosphate solution), Campbell and Andrews (phosphate 
and excess NH4OH solution) and Gooch and Medway 
{ (NH4)2S04 -f- NH4OH with rapid rotation}. He gives no 
further data as to the conditions or results of his method 
for nickel; but under his oxalate method for tin, which is 
quite similar, he claims that the method is sufficiently ac¬ 
curate to yield results suitable for the atomic weight deter¬ 
mination of tin (page 212). 

Attempts have been made in this laboratory to use this 
oxalate method for the determination of nickel, cobalt, and 
tin, but only in the last-mentioned case (tin) has it proved 
at all suitable for accurate electroanalysis. Briefly, some of 
the disadvantages or inconveniences of the method are; the 
use of special and expensive apparatus, the necessity of plating 
the platinum dish cathode with copjjer on silver, the long and 
uncertain time required for a determination (3 to 7 hours); 
extra trouble of heating the solution to a constant tempera¬ 
ture, evaporation of the electroljde and the consequent ten¬ 
dency of salts to “crawl” out on the stem of the anode and 
upper edges of the dish, the separation of the nickel as per¬ 
oxide on the anode toward the end of the run, the necessity 
of siphoning out the solution and adding distilled water at 
the end of the run and the uncertainty as to results obtained, 
these usually running high due to the codeposition of car¬ 
bonaceous material. 

In the description of the method no mention is made of 
this last and most troublesome tendency, and, of course, no 
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suggestion as to any means of obviating it. With this in 
mind the present research was begun with the following ob¬ 
jects in view: 

1. Repetition of certain parts of the work of Akerberg 
and Lambris. 

2. To find the conditions which give the worst results, 
i. e., the highest percent of deposited carbon, etc. 

3. To find the conditions which give the best results 
by this method. 

4. If possible to modify the method so as to render it 
more accmate and rapid. 

5. To test out the effect of certain addition substances. 

6. If not possible to improve the method sufficiently, 
to work out and give in detail some simpler, more rapid, an'd 
more accurate method. 

Very little need be said as to the repetitions of work by 
Akerberg. From the statement of the former to the effect 
that oxalic acid was but little decomposed by the current 
when sulphuric acid was present, it was thought that possi¬ 
bly the presence of the sulphate ion might prevent the break-up 
and consequent oxidation of the oxalate ion and consequently 
do away with the deposition of carbon at the cathode, the 
theory being that the oxalic acid is oxidized at the anode to 
2CO2 and H2O, and that the CO2 then diffuses, in part, to the 
cathode where it is reduced and some acetylene is formed 
which then may react with the freshly deposited nickel to 
form a carbide of nickel. The use of H2SO4 in this case is 
not permissible and so (NH4)2S04 was tried, without the de¬ 
sired result. A solution, the Ni content of which had been 
previously determined by the excellent dimethylglyoxime 
method of Brunck,^ was found to contain 0.1698 gram Ni 
per 50 cc solution. Using the apparatus and conditions 
recommended by Classen with additions of 3, 5, and 10 grams 
(NH4)2S04, deposits were obtained weighing 0.1730 gram, 
0.1748 gram, 0.1719 gram. In every case 50 cc samples 

^ 2 eit. angew. Chemie, aoll, 1844 (1907). 
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were taken carefully from a reservoir-burette bottle (at or 
very near 20® C). 

An attempt was next made to repeat the work in which 
Lambris obtained the highest amounts of carbon along with 
the nickel deposit—^the amount being judged by the differ¬ 
ence in weight of the deposit and the weight of nickel in the 
solution used (i. e., 0.1698 gram Ni per 50 cc solution). Un¬ 
successful attempts were made to cause the nickel of the de¬ 
posit to dissolve in KCl.CuCl2.2H2O solution as used in the 
determination of total carbon in iron or steel. It was found 
that hydrochloric add of a concentration suffident to dis¬ 
solve the deposit left little or no solid residue of carbonaceous 
material, which is in accord with the findings of Uambris. 
It was found possible, however, to obtain some of this car¬ 
bonaceous material by adding distilled water and then nitric 
acid drop-wise until the deposit began to dissolve very slowly 
as shown by the evolution of small gas bubbles from the sur¬ 
face of the deposit. The reaction, however, tended to speed 
up as heat was evolved and more distilled water was added. 
With care it was found possible to obtain from to ®/g of 
the weight in excess of the true weight of nickel. The amount 
of this solid residue, however, was necessarily small (a few 
milligrams) and, when analyzed by the oxygen combustion 
method, the results were not very satisfactory, indicating 
that the product was from 77.5 percent to 91.2 percent 
carbon. This was not considered surprising, however, as 
the material seemed to vary considerably in color, size of 
particles, and physical form. Usually it was nearly black, 
but on two occasions it appeared distinctly brownish. Usually 
it was finely dmded and granular in appearance, but some¬ 
times it was flocculent and filmy. It seemed to cling tena¬ 
ciously to small amounts of ammonium salts. Lambris re¬ 
ported that he was unable to notice any carbon when Cu, Fe, 
or Sn cathodes were used. In this laboratory very consider¬ 
able amounts of carbon have been found when a solution of 
copper carbonate is dissolved in a slight excess of acetic acid 
and the solution electrolyzed, using a potential difference 
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of 2.5 to 3 volts and a current density of N. D.joo = i to 2 
amperes in a total volume of 150 cc. Also in Classen’s 
oxalate method for tin, manerous high results have, been 
obtained. A tin solution made from Kahlbaum’s C. P. tin 
so that 50 cc were exactly equal to 0.3000 gram Sn gave 


the following results: 


Series I 

j Series II 

0.3008 

i 

I 0.3036 

0.3010 

0.3040 

0.3007 

i 0.3041 


The results in the second series were higher than those 
in Series I, because they were run from 15 minutes to one-half 
hour longer than those in Series I. Conditions used were 4 
grams (NH4)2C204, 8 grams H2C2O4 at i ampere per 100 sq. 
cm and 3 volts, using a rotating copper gauze cathode (see 
below). In spite of Classen’s note to the contrary, this method 
does not seem well suited to the determination of the atomic 
weight of tin. If the electrolysis .was allowed to run for one 
hour, the results were fairly good, but they seemed to go much 
too high when allowed to run longer. 

In the introductory part of his book Classen recognized 
several phenomena of a natme apparently similar to the 
above cases in which the oxalate radical seems to furnish a 
source of the carbon deposited with metals. For example 
(on page 39 of his book), he noted that carbon dioxide was 
formed by the oxidation of the acetic add radical, which then 
might also yield ethane and even ethylene. Octane, iso¬ 
butylene, ethylene, carbon monoxide, formaldehyde, formic 
acid, etc., he said were also formed on the break-up of various 
organic adds. 

The attempt to find conditions which yield the highest 
amounts of deposited carbon gave no new results. The per¬ 
centages of carbon deposited, as indicated by excess weight 
of the deposit, were of much the same magnitude as those ob¬ 
tained by Tambris, i. e., about 2.5 percent. 
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Next, numerous runs were made in an endeavor to im¬ 
prove the method, but without much success. When the 
temperature is kept close to 50° and water is added from time 
to time to replace that lost by evaporation, the method gives 
fair results if allowed to run 2.5 to 3 homs. These results 
are usually a little low, however, as some nickel remains in 
the solution. This amount is too small to be shown by the 
(NH4)2S test, but shows up readily on using dimethylglyoxime 
as a spot-test reagent. This indicator is now used in this 
laboratory as an end test for both nickel and cobalt, giving a 
reddish pink coloration with CO and a pink precipitate with 
Ni (in presence of NH4OH or NaAc). Variation of the amount 
of (NH4)2C204 had but little effect as long as the amount 
present exceeded 5 grams per 120 cc of solution containing 
ca. 0.17 gram Ni. The addition of 1-2 gram of urea had a 
beneficial effect. The tendency for Ni02 to separate at the 
anode toward the end of the run was eliminated by addition 
of a little NH4OH or “glycerol mixture” (E. F. Smith; Elec¬ 
tro-Analysis) or by decreasing the current and voltage for a 
few minutes near the end of the run. 

Since none of the above changes improved the method 
sufficiently to render it as rapid and accurate as a good elec¬ 
trolytic method should be, it was decided to try the effect 
of certain addition substances (known to electroplaters as 
“dopes”). It was thought that some reducing agent might 
be found which would react with the oxygen formed at the 
anode and by so doing decrease the time required and the 
amount of carbon dioxide formed and consequently the amount 
of carbon deposited. Those tried were hydrazine sulphate, 
hydroxylamine sulphate, sodium nitrite and sodium sul¬ 
phite. Of the first three hydrazine sulphate was the only 
one to produce a noticeable effect. When it was added to 
the extent of 5 grams it produced a blackening of the deposit, 
possibly due to the formation of nickel sulphide. 

This last seems more probable in the light of the unex¬ 
pected behavior of the last reducing agent, sodium sulphite. 
Although this has not been sufficiently investigated, it is cer- 
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tain that its effect is siuprising and for this reason it is to be 
studied more thoroughly. Briefly the phenomena noticed 
were as follows: on addition of 5 grams of NasSOs (Baker’s 
C. P.) and all other conditions being those employed by Clas¬ 
sen, a black flocculent precipitate begins to form almost as 
soon as the circuit is closed. This precipitate increases 
rapidly in amount and the odor of hydrogen sulphide is per¬ 
ceived. Thinking that this phenomenon might be due to 
some chemical reaction, a blank was made which showed this 
not to be true. Other blanks were run, the first showing 
no such behavior when the 6 to 8 grams (NH4)2C204 was 
electrolyzed with 5 grams Na^SOs in 120 cc of water at 50° C, 
and the second also gave a negative result when the nickel 
solution and 5 grams NajSOs were electrolyzed, all other con¬ 
ditions being the same (except that no (NH4)2C204 was present). 

At first it was thought that this precipitate might be 
some carbonaceous material such as that which deposited 
with the nickel, but on filtering it off and washing it, the ma¬ 
terial dissolved quite easily in warm 6 N HCl with evolution 
of H2S and the formation of the characteristic green solu¬ 
tion of nickel chloride. It was evident that 120 cc of a nickel 
sulphate solution is quickly reduced to black NiS in the pres¬ 
ence of 6 to 8 grams (NH4)2C204 and 5 grams Na2SOg. 

Then, on washing out the Classen dish in which this 
run had been started, it was noticed that a firm deposit had 
been formed on the Copper with which the dish had been 
previously plated. This deposit appeared much like the 
ordinary good nickel deposit, but was somewhat darker in 
color. Previously certain very thin films of iridescent 
metallic sheen had been noted floating off from the dish 
cathode when the solution was rapidly stirred. These films 
were very similar to those often noticed when HgS is psissed 
into solutions for the precipitation of metals in qualitative 
analysis, especially in case of lead solutions. Although this 
work has not yet been confirmed, it seems reasonably certain 
that these films as well as the firm, even, metallic deposit 
on the copper were both nickel sulphide. It may be possi- 
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ble that in dissolving the deposit with i : i HNOj some error 
of manipulation was made, but it is certain that after wash¬ 
ing the deposit carefully, a considerable amount of hydro¬ 
gen sulphide was given off when the nitric add was diluted. 
This might seem to indicate that a form of nickel sulphide 
not unlike the mineral Millerite (sulphide of Ni) had been 
formed. This mineral (according to Dana’s Mineralogy, 
pp. 70-71) is said to have a “grayish iridescent tarnish” and 
it is claimed to have been prepared artificially.^ 

The addition of small amounts of urea (i to 2 grams) 
seemed to cut down the time required for the completion of a 
determination, but no effect on the carbon deposition was noted. 

Finally it seemed possible that a decrease in the size of 
the anode might tend to lessen the oxidizing effect at that 
electrode, as the oxygen would be less liable to remain in the 
solution. When, however, a platinum wire was used as 
anode, it was found that the consequent increase in anode 
density augmented the tendency of nickel to deposit as per¬ 
oxide on the anode. For this reason it was necessary to aban¬ 
don this idea. 

At this point it was thought best to test out some other 
method along with a simpler form of apparatus. It was 
hoped to adopt and modify some of the successful methods 
•of the electroplating industry so as to work out a procedure 
satisfactory to the analyst. Thinking that such a method 
would be more liable to yield the desired results if the solu¬ 
tion should be as nearly neutral and of as unchanging composi¬ 
tion as possible, a number of plating methods were tried out 
including a boric acid solution, the same with various addi¬ 
tion substances, a solution containing an excess of borax, a 
solution containing an excess of sodium pyro-phosphate and 
ammonia, a solution containing a slight amount of formic 
acid and an excess of sodium formate, a solution containing 
a small amount of free lactic acid and an excess of lactate 
(NH4 lactate), a solution containing free phosphoric acid and 

' Welnschenk; Zeit. Kryst., 17, 5°° (1890); Baubigny; Syn. Min., 4, 
168 (1881). 
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NaH2p04, and finally the well known ammonium sulphate- 
ammonia solution.^ 

Of all the solutions above mentioned, the last was the 
most satisfactory. Some would not run to completion, 
some gave good deposits at first but unsuitable for analytical 
purposes due to “burning,” etc., at the end, most of them 
were very slow, etc. After considerable work on this method 
the following very satisfactory solution was found: 

Nickel present (about 0.2000 gram) as (NH4)2S04.NiS04.- 
6H2O. 

Ammonium hydroxide 15-20 cc (Sp. Gr. 0.96). 

Ammonium sulphate 5 grams. 

Amperage 0.8 =*= o.i. 

Potential difference 3,5 =*= 0.2 volts. 

Time required about 25 minutes. Room temperature. 

Nitric acid, nitrates, and chlorides must not be present. 
Total volume of solution made up with H2O to 200 cc. 

Electrolyze in a 350 cc beaker using a 10 gram platinum- 
wire gauze flag anode (52 mesh and 6X4.5 cm) and a rota¬ 
ting (550-650 R. P. M.) pure Cu gauze (50 mesh and 5 cm 
high X 3 cm diameter) cathode. This electrode combina¬ 
tion is much less expensive than the Classen dish and disk of 
platinum, requiring only one-fifth as much platinum as the 
latter. The Cu wire gauze cathode can be made easily, 
quickly, and cheaply. Stiff, twisted Cu wire is used for the 
stems and small Cu tacks are used to rivet the gauze together. 
One such cathode can be used for a great many determina¬ 
tions, as a fresh surface for deposition may be obtained by 
dipping a used cathode in 1 : i HNOj for a few moments. 
When well made and properly handled the cathodes which 
cost but a few cents and a few minutes work give results 
exactly as good as any platinum cathode. This makes it 
possible to run many more determinations than is usually 
possible with more expensive forms of apparatus. These 
cathodes have also been used successfully in the laboratory 
for the determination of copper, tin, cobalt, cadmium, bis- 

‘ E. F. Smith: Electro-Analysis, 122-130. 
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muth, silver, and zinc. They have also been used in com¬ 
bination with the platinum wire gauze anodes for the de¬ 
termination of lead and manganese, both of which are de¬ 
posited on the anode as peroxides. 

The accompanying table of results obtained by eleven 
different students using this method will give some idea as 
to the value of the method to those not especially skilled in 
quantitative manipulations. 

Electrolytic Determination of Nickel 

Solution = NiS04(NH4)2S04.6H20 (ca. 21 g. per liter) 

Weight of nickel in each run* = 0.1336 g. 15 cc NH4OH, sp. 
g. 0.96; diluted to 200 cc 

50 cc nickel solution. Potential difference 3.5 * 0.2 volts 


Current 

Ampere 

Time 

Minutes 

1 

Weight of 

Ni found 

Gram 

Error of method 
Gram 

0.7 

20 

0.1359 

, +0.0023 

0.7 

20 

0.1337 

, +0.0001 

0.7 

20 

, 0.1296 

, —0.0040 

0.7 

20 

0.1340 

+0.0004 

0.7 

20 

0.1310 

—0.0026 

0.8 

30 

0.1348 

+0.0012 

0.8 ; 

30 

0.1338 

+0.0002 

0.8 

30 

0.1346 

1 +0.0010 

0,8 

25 

0.1334 

i —0.0002 

0.8 

25 

0.1334 

—0.0002 

0.8 

25 

0.1332 

—0.0004 

0.8 

25 

0.1338 1 

+0.0002 

0.7 

25 

0.1341 

+0.0005 

0.7 

25 

0.1336 

0.0000 

0.7 

25 

0.1340 

+0.0004 

0.7 

25 

0.1336 

0.0000 

0.7 

25 

0.1332 

—0.0004 

0.7 

25 

0.1344 

+0.0008 

0.8 

25 

0.1339 

+0.0003 

0.8 

25 

0.1339 

+0,0003 

0.8 

30 

0.1344 

+0.0008 

0.8 

30 

0.1331 

—0.0005 

0.75 

25 

0.1336 

-Fo .0002 


•The amount of nickel per 50 cc of solution (0.1336) was determined 
by averaging a series of fine determinations of Ni by the dimethylglyoxime 
method. 
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A THERMOSTAT FOR LOW TEMPERATURES 


BY JAMES H. WALTON, JR., AND ROY C. JUDD 

In order to carry out a series of experiments on the velocity 
of crystallization of water, it was necessary to construct a 
thermostat that could be held constant at temperatures from 
o° to about —20°. The apparatus that was finally devised 
for this purpose is described below and a cross section shown 
in Fig. I. 



The general plan consists of a primary bath A and a sec¬ 
ondary bath B. The primary bath is filled with a mixture 
of ice, salt and water, which is pumped through a coil in the 
secondary bath, '^en the temperature of the solution in 
B becomes too low, a regulator closes a cock by means of the 
wheel E and shuts off the flow of the cold brine. Similarly, 
when B becomes too warm, the cock is opened and the flow 
of brine lowers the temperature. 

The essential details of the apparatus are as follows: 
The primary bath A is eighteen inches square and fomleen 
inches deep. It is constructed of heavy galvanized iron and 
is placed in a box and insulated with a 4 inch layer of sawdust. 
The dimensions of the secondary bath are 25" X aiid 
6 ^/%* in depth. It is also constructed of galvanized iron and 
is placed in a wooden box, M. Between the bath and M is a 
one inch layer of felt. M is provided with a tightly fitting 
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cover and is covered on the outside with a layer of felt about 
half an inch thick. 

The brine from the primary bath is pumped by means 
of the turbine C, through D, back into A again through a return 
jape that is not shown in the figme. The brine coming in 
at the intake of the pump passes through fine copper gauze 
which removes bits of straw, etc., that would clog the pump. 
The axle of the pump extends through a packing box to the 
outside of the bath. It is driven by means of the wheel I, 
which is connected with a one-tenth H. P. motor. 

The secondary bath is agitated by a screw-shaped stirrer, 
F, which is driven from the outside of the bath. For a long 
narrow bath of this kind, this has proven the most efficient 
type of stirrer. A double window, J, makes it possible to 
observe the growth of the crystals in the tubes that are im¬ 
mersed in the bath. The panes of glass in this double window 
are about three-fourths of an inch apart. This double win¬ 
dow has the advantage that it furnishes an air space which 
is an insulator and eliminates, to a considerable extent, the 
heating of the bath. Moreover, water vapor does not con¬ 
dense to ice on the outside of the glass and thus interfere with 
the view of the inside of the bath as is the case when a single 
window is used. The inside of the bath is illuminated by two 
4 c. p. 6 volt incandescent bulbs, H, H, similar to those used 
for automobile side lamps. Considerable difficulty was ex¬ 
perienced in finding a suitable regulator. The ordinary form 
of glass regulator filled with toluene is not satisfactory. The 
liquid in the regulator conducts the heat so slowly that there 
is a great lag in its operation with a consequent diminishing 
of the constancy of the bath. This was in part avoided by 
using a regulator, G, consisting of a steel tube filled with 
mercluy. To further reduce the lag, the mechanism shown 
in the figure was used.* This consists of a slowly rotating 
wheel, K, to which a platinum wire is attached to an excentric 


* Gouy: Jour. Phys., 6, 479 (1897); see also Barnes: Phil. Trans., 199, 
149 (1902). 
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so that it moves up and down in the stem of the regulator. 
When the mercury expands it makes contact with the platinum 
wire, an electrical connection is made that rotates the wheel 
E, thus opening the cock in a manner to be described shortly. 
This sends cold brine through the pipe D. The platinum 
wire, however, is slowly withdrawn from the mercury and the 
contact broken before the mercury is through expanding, 
thus compensating for the lag in the regulator. If the bath 
has been cooled to the desired temperature by the opening of 
the cock, the mercury will usually have commenced to con¬ 
tract by the time the platinum wire begins to descend again. 
This device must be regulated to suit the individual bath, 
the length of throw of the wire and the speed with which it 
moves being the factors that must be controlled. 

The success of the thermostat depends upon the method of 
automatically opening and closing the cock that admits the 
cold brine. The details of the arrangement are shown in 
Fig. 2. The pipe D is provided with a cock, Q, which is an 



ordinary water cock used on faucets. To the end of the rod 
Y, operating this cock, a wooden wheel, E, about six inches in 
diameter, is secured by a nut, Z. Two rubber stoppers, 
S, S, are secured to E. When the wheel is turned these stop- 
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pers come in contact with the ‘‘bumpers” T, T and so make it 
impossible for E to make a complete revolution. A nine 
point rocking switch, E, is connected to E by means of a string 
X. To bring the bath to the right temperature the nut Z, 
fastening E to the cock, is loosened and the cock opened enough 
to allow the bath to come to a temperature a few tenths of a 
degree above that desired. E is then turned as far as possi¬ 
ble to the right and the nut tightened. Turning the wheel 
to the left will now open the cock and permit a larger stream 
of the cold brine to flow through the secondary bath. When 
the temperature of the bath becomes too high the regulator, 
by means of the relay R, throws the motor P, into a no v. 
A. C. circuit. This starts the motor (shown in Figs, i and 2) 
and rotates E to the left, opening the cock. The rotation of 
E pulls the rocker of the switch to the left and breaks the no 
V. circuit. The connections through the switch are made in 
such a way that as soon as the points of the rocker leave the 
mercxuy cups on the right the no volt circuit is broken. As 
soon as contact is made with the mercury cups on the left of 
the smtch the fields of the motor are reversed.^ The cold 
brine now runs through the secondary bath until the mercury 
in the regulator begins to contract. The current through the 
relay is then broken. This starts the motor P, once more, 
but the direction in which it turns has been reversed conse¬ 
quently E is rotated to the right, the cock is closed once more 
and the no volt current again shut off. For as soon as the 
points of the rocker leave the mercury cups at the left the 110 
volt current is broken, and the fields of the motor are re¬ 
versed when contact is made with the cups at the right. The 
making and breaking of the current by means of the regula¬ 
tor thus intermittently opens and closes the cock. The motor 
that does this is in motion only while the cock is being opened 
or closed and at no other time. 

The binding posts or wires in Fig. 2 that are ntunbered 

'■ The motor used for opening and closing tbe cock was made by the 
General Electric Co. It is described as follows: Induction motor. 60 cycles, 
no volt. Type Dss. Vu H. P. Speed 1800. Cat. 66931. 
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the same are connected directly. Thus 6 on the relay has a 
direct connection with 6 on the rocker switch. 

The solution used in the secondary bath was made by 
mixing two parts of water with one part of glycerine and one 
part of ethyl alcohol. 

In a test carried out to ascertain the constancy of this 
thermostat it was found that at a tempwature of —12° during 
a run of six horns the temperature varied ±0.03°. By using 
a mixture of calcium chloride and ice in the primary bath 
it is possible to keep the secondary bath at a temperature of 
—25° to—30°. 

The automatic cock described above may be used at 
temperatmes above zero. For example, ice water could be 
substituted for the brine solution, and at higher temperatures 
the primary bath could be entirely replaced by a boiler genera¬ 
ting superheated steam. 

Department of Chemistry 

University of Wisconsin 



THE VELOCITY OF THE CRYSTALLIZATION OF 
UNDERCOOLED WATER 

BY JAMES H. WALTON, JR., AND ROY C. JUDD 

Although the velocity of crystallization of many under¬ 
cooled liquids has been meastured, comparatively little work 
has been done on the speed with which undercooled water 
changes to the solid phase. 

Turmlirz* measured the velocity with which this sub¬ 
stance crystallizes, using thin-walled tubes of i8 mm internal 
diameter. These tubes were filled with water and placed in a 
bath which was then cooled by exposure in a cold room. When 
a crystal of ice was brought in contact with the undercooled 
liquid, crystallization took place. The velocity could easily 
be determined by measuring the time necessary for the ad¬ 
vancing surface of the solid phase to travel a given distance. 
Turmlirz’s results are given in Table I, in which t is the num¬ 
ber of degrees of imdercooling, and V is the velocity of linear 
crystallization expressed in mm per second 


Table I 


t 

V 

t 

V 

—0.74 • 

0-37 

—2.71 

5-77 

—1. 12 

1.44 

—2.90 

7.06 

—1.40 

2.20 

—3-20 

7-47 

— 1-54 ! 

2.76 

—3-49 

10.23 

—1.62 

2.92 

—3-64 

11.28 

—2.00 

332 

—4.14 

16-93 

—2.40 

4-49 

—^4.20 

18.15 

—2.54 

5-24 

—^4.60 

22.07 

—2.67 

5-58 

— 

— 


Because of spontaneous crystallization, Turmlirz was 
unable to make measurements below —^4.6°. In the light of 
the interesting and important work of Tammann,* Marc,® 

* Sitzungsber. Wiener Akad., 103 Ila, 326 (1894). 

• Kristallisieren vmd Schmelzen, p. 131 (1903). 

•Zeit. phys. Cbem., 61, 385 (1908); 67, 470: < 58 , 104 (1909): 73 i 685 
(1910); 75, 7>o (191*)- 
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Freundlich,* and others, on this subject it seemed desirable 
to determine the speed of crystallization of water with special 
reference to factors affecting it, particularly the influence of 
dissolved substances. 

Experimental 

The usual method for measuring the speed of crystalliza¬ 
tion is to undercool the substance in a tube, and at a definite 
temperatiu'e to cause crystallization by introducing a frag¬ 
ment of the solid phase. The time necessary for the crystals 
to fill a certain length of the tube gives the linear velodty 
of crystallization. To undercool water more than two or 
three degrees, special precautions must be taken. The water 
must be pure, free from dust and air, and covered with a layer 
of oil. Paraffine oil may be used for this purf>ose, although 
Turmlirz used turpentine in his experiments. The» volume of 
water used should be as small as possible. Tammann* has 
shown that spontaneous crystallization is accompanied by 
the formation of crystalline nuclei throughout the solution. 
The greater the volume of liquid used the greater is the chance 
of these nuclei being formed. The experiments of the authors 
show that with the same volume of water, undercooling is 
more easily carried out in a flask than in a tube; the water 
can be cooled to a lower temperature, and there seems to be 
less danger of spontaneous crystallization. 

In determining the velocity of crystallization of tmder- 
cooled water, the following method was used; A soft-glass 
tube, similar to that shown in Fig. i, was filled to the level A 



Fig. X 

with freshly boiled conductivity water. Paraffine oil that 
had been carefully washed was then placed in each arm of the 

* Zeit. phys. Chem., 75, 245 (1910). 

* Kristallisieren und Schmelzen, p. 148 (1903). 
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tube so that there was a layer about an inch deep on the sur¬ 
face of the water. The tube was then placed through an 
opening in the cover of the thermostat described in the paper 
preceding this, and allowed to come to the temperature of the 
bath. This took at least three minutes. At the end of this 
time crystallization was started in the tube by scratching 
the side of the tube just below the layer of ml by means of a 
piece of wire. The time necessary for the crystalline surface 
to travel from B to C (i meter in ^stance) was measured with 
a stop watch. Several measurements were made with the 
same tube full of water, and it was found that this gave just 
the same results as were obtained by filling the tubes each 
time an experiment was carried out. Results obtained by 
using tubes in which the water had been standing for several 
weeks, however, diverged greatly from those obtained with 
freshly filled tubes. This was doubtless due to the glass dis¬ 
solved by the water on standing. 

An unsuccessful attempt was made to measure the velocity 
of crystallization in tubes with very thin walls. Spontaneous 
crystallization occurred much more frequently than with thick- 
walled tubes that permitted the water to cool slowly. The 
tubes used in the first experiments had a bore of 7 mm and an 
outside diameter of 12 mm. The velocity of crystallization 
was measured to —9°. Below this temperature the results 
were uncertain, owing to spontaneous crystallization taking 
place before the tube was cooled to the temperatme of the 
bath. The results obtained are given in Table II and shown 
graphically in Fig. 2, Curve I, in which flie velocity is expressed 
as centimeters per minute. Experiments with tubes of differ¬ 
ent bores and different thickness of walls were carried out for 
the purpose of showing the influence of these factors on the 
speed of crystallization of water. Tables III and IV give the 
(hameter of the tube and the results obtained. These results 
are also shown graphically in Fig. 2, Curves II and III. 

Tammann has shown that for undercooled liquids the 
velocity of crystallization increases with the degree of under- 
coolii^ until a maximum is reached bdow which temperatxire 
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Tablb II (Curve I) 


Velocity of crystallization of water 
Outside diameter of tube 12 mm 
Inside diameter of tube 7 mm 


Temp. 

Time for 

1 meter 

Average 

Velocity of linear 
crystallization 
cm per minute 

—2.00 

194.0 

190.0 

31-6 

— ^3.61 

186.0 

124.4 

124.7 

123.2 

122.1 
127.0 

127.2 
122.0 

124.0 

48.4 

—4.67 

85.0 

86.3 

83 0 

85.1 

82.6 

82.5 

85-2 

84.2 

714 

—5.86 

56.1 

1 540 

1 53-9 

56.8 

57.0 

570 

570 

1 

56.0 

107.1 

—6.18 

53 I 

51-4 

52.3 

114.7 

—7.10 

22.0 

^30 

22.5 

22.5 

266.7 

—7 50 

19.G 

19,9 

19-45 

308.0 

—8.19 

14.6 

143 

14-45 

4152 

—8.38 

12.0 

10.3 

12.7 

12.0 

II.7 

513-0 

—9.07 

8.8 

8.8 

8.7 

8.77 

684.0 
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there is, at least for several degrees, no relation between the 
speed of crystallization and the temperature of the bath. 
Continued cooling of the bath results in decreasing the speed 
of crystallization. This phenomenon is explained as follows: 
At temperatures in the neighborhood of the freezing point 
of the solution, the velocity of crystallization is retarded by 
the heat of crystallization, which heats the layer of liquid 
that is in contact with the growing oystalline surface. The 
velocity with which this layer is cooled by the outside bath 
is one of the factors in determining the speed of crystalliza¬ 



tion, The greater the number of degrees the liquid is under¬ 
cooled, the more quiddy will this layer take on the tempera¬ 
ture of the outside bath, consequently the less will the effect 
of the heat of crystallization be felt. This will result in the 
speed of crystallization increasing with the undercooling, up 
to a point at which the above effect will just neutralize the 
heat of crystallization. The layer will then have the tem¬ 
perature of the melting point of the substance, and this point 
will be the maximum velocity of crystallization. 

From the above consideration it is evident that the size 
of the bore and the thickness of the walls of the cryst allizing 
tubes are important factors in the velocity of crystallization. 
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Table III (Curve II) 
Velocity of crystallization of water 
Outside diameter of tube 14 mm 
Inside diameter of tube 11 mm 


Temp. 


Time for 
i meter 


Average 



—7-65 


—9.92 


24*7 

26.7 

25.5 
25 I 

25.3 

16.4 
16,0 
I5‘35 
15.70 
985 

12.50 
10.90 

10.50 


i 

I 

I 

i 

i 

! 

I 

I 


I 

I 


25.5 


15.9 


10.94 


Velocity of linear 
crystallization 
cm per minute 


235.3 


377-8 


548.4 


Table IV (Curve III) 
Velocity of crystallization of water 
Outside diameter of tube lo mm 
Inside diameter of tube 3.5 mm 


Temp, 


— 6.10 


—6.60 


-7-58 


—8.58 


Time for 

I meter 

Average 

Velocity of linear 

1 crystallization 
i cm per minute 

41.6 



42.1 

41.4 

42.0 

41.5 

41.7 

144.0 

39.5 

40.7 

39-1 

381 

39-6 

151S 

31 0 

31.0 

30.8 

311 

310 

193-5 

25.9 

26.0 

25.0 

25-6 

234.4 
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inasmuch as they determine the rate of the cooling of the crys¬ 
tallizing liquid. The results obtained in these experiments, 
using tubes of different diameters, is thus explained. This 
does not, however, explain the fact that at —6® the under¬ 
cooled water represented by Curve III crystallizes fastw 
than that in tube I, while at —8° the reverse is true. 

An inspection of Curve I shows that the point of maxi¬ 
mum crystallization lies below the temperatures at which these 
experiments were carried out. Many attempts were made to 
determine the velocity of crystallization at —15®, but the 
liquid always crystallized spontaneously before the tube was 
cooled to the temperature of the bath. Crystallizing tubes 
were prepared by filling with pm^ boiling water, evacuating, 
and then sealing, but they could not be undercooled any lower 
than those prepared in the manner already described. 

These experiments are being continued, the particular 
line of investigation being the effect of dissolved substances 
upon the velocity of crystallization of water. 

Summary 

1. The linear velocity of crystallization of undercooled 
water has been determined to —9°. 

2. The thickness of the wall of the tube used in these 
determinations is an important factor in determining the 
speed of oystallization. 

3. Because of spontaneous crystallization it was impossi¬ 
ble to determine the temperatme of the maximum velocity 
of crystallization of water. 

Department of Chemistry 

University of Wisconsin 



EI^ECTROMOTIVE FORCES AND ELECTRODE POTEN¬ 
TIALS IN MIXED SOLVENTS 

BY J. N. PEARCE AND W. H. PARR 

The subject of electromotive forces in non-aqueous sol¬ 
vents was first studied by Jones.* He measured the electro¬ 
motive force of a number of cells of the t)TJe: 

Ag—AgNOs-aq.—^AgNOs-alc.—Ag, 

using the same concentration of silver nitrate in the two sol¬ 
vents. His original idea was to determine by this method 
the degree of dissociation of the silver nitrate in the second 
solvent, assuming that the solution tension of silver in alcohol 
is the same as it is in water. He soon found that the solu¬ 
tion tension of a metal is not the same for all solvents, but has 
a distinct characteristic value for every solvent. Using the 
values for the dissociation of silver nitrate in alcohol found 
by Vollmer,- he found the ratio between the solution tension 
of silver in water and in ethyl alcohol to be between o.oai 
and 0.024, which would indicate that the solution tension 
of silver in the alcohol is approximately 40 times smaller than 
the value obtained in water. Owing to the uncertainty as to 
the degree of dissociation of silver nitrate in methyl alcohol, 
he was unable to compute the value of the solution tension 
of silver in that solvent. In all of the above measurements 
the alcoholic solutions were positive with respect to the water 
solutions. 

Jones and Smith® measured the electromotive force of the 
cell, 

Zn—^ZnClj.aq.—^ZnCh.alc.—Zn, 

and, using the values for the dissociation of zinc chloride 
in ethyl alcoholic solutions found by the boiling-point method, 
calculated the solution tension of zinc in ethyl alcohol to be 

* Zeit. phys. Chem., 14, 346 (1894). 

* Dissertation, Halle, 1892. 

« Am. Chem. Jour., 23, 379 (1900). 
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between 1.9 X 10*® and 2.7 X io‘®, a value approximatdy 
10® times smaller than the value in pure water. 

Campetti’ determined the electromotive forces pffoduced 
between alcoholic and aqueous solutions of the chlorides of am¬ 
monium, lithium, calcium, copper, zinc and cadmium and the 
iodides of zinc and cadmium. He also found that the alcoholic 
solutions are positive with respect to the aqueous solutions, 
but made no attempt to calculate the solution tensions. 

Kahlenberg® measured the electrode potentials of a large 
number of metals in various organic solvents, using o.ioAT 
solutions of their salts whenever possible, and found that the 
solution tension of a metal varies widely with the nature 
of the solvent. He expresses his conclusions in the following 
words: “If the electrolytic solution tension theory be held 
at all, there seems to be no escape from the conclusion that 
the solution tension varies for different solvents and mixtures 
of solvents. If the solution tension changes not only with 
the solvent, but also with the nature of the dissolved sub¬ 
stance present, it is questionable, to say the least, whether 
the hypothesis of an electrolytic solution tension is helpful 
at all.” He also tested and found that Faraday’s laws hold 
for non-aqueous solutions. 

The first measurements of the electromotive forces of 
concentration cells in alcoholic solutions were made by Wilson.® 
His cells contained silver nitrate dissolved in methyl and 
ethyl alcohol and the measurements were made at 0° and 25®. 
From the agreement between his results and the values cal¬ 
culated from the conductivities of the solutions he draws 
the conclusion that the Nemst equation can also be applied 
to non-aqueous solutions, yet admitting at the same time 
that the Nemst formula can hardly be recognized as giving 
more than approximate values. 

Getman^ and Getman and Gibbons® have attempted to 

1 Atti Accad. Torino, 29, 61, 228 (1893). 

2 Jour. Phys. Chem., 3, 379 (1899). 

* Am. Chem. Jour., 35, 78 (1906). 

* Ibid., 46, 117 (1911). 

* Ibid,, 48, 124 (1912). 
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measure the solution tensions of cadmium and zinc in alco¬ 
holic solutions of their chlorides. Since it is impossible to 
determine the degree of dissociation of these salts in these 
alcohols, they were unable to calculate the solution tensions 
of these metals. In working with the zinc electrode they 
state that their results were neither uniform nor capable of 
duplication. 

Neustadt and Abegg’ investigated a number of cells con¬ 
taining Pb(C103)2, CuCb, CdCU, ZnCls, Hg(N03)2 and AgNOs, 
with the corresponding metals as electrodes, the solvents 
used being water, methyl alcohol, ethyl alcohol, acetone and 
pyridine. They found, as have other investigators, that the 
electromotive forces vary with the nature of the solvent. 
They also made a study of the liquid potentials between 
solutions in the different solvents. Some of the cells used 
were in the form of chains containing as high as three differ¬ 
ent intermediate solvents. The total electromotive force is 
the algebraic sum of all the liquid potentials and the elec¬ 
trode potentials in the chain. This difference in potential 
at the contact of the two solutions can be reduced to a negligi¬ 
ble quantity in the case of similar end solutions, by interposing 
between them a solution of an indifferent electrolyte in a 
second solvent. Obviously the total electromotive force 
at the junction of the solutions becomes zero when the two 
opposing Hquid potentials are equal. 

Thus far very little work has been done on the effect of 
mixed solvents on electromotive forces. Starting with a 
given alcohoUc solution of silver nitrate, Jones* determined 
the effect of successive replacement of the alcohol by water 
upon the electromotive force, keeping the concentration of 
the silver nitrate constant throughout. The greatest change 
was obtained with first additions of water, the effect becom¬ 
ing less and less as the percentage of water increases. Similar 
results were obtained by Kahlenberg* for mixtures of pyridine 
and water. 


1 Zeit. phys. Chem., 69, 486 (1910). 

2 Loc. cit 
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It has been frequently observed that the properties of 
mixtures of ethyl and methyl alcohol tmd thdr solutions 
obey closely the law of mixtures. On the other hand, binary 
mixtures of water and ethyl cm- methyl alcohol show for the 
most part either a pronounced maximtun or minimum with 
respect to the properties conddered, indicating changes in 
the properties of the solvent due to the mutual effect of the 
two solvents upon each other. Somewhat similar relations, 
as we shall see, have been found for the electromotive forces 
and electrode potentials in these solvents and their mixtures. 

With the hope that further light might be thrown on. the 
•electrochemistry of solutions the present investigation was 
imdertaken, the object being to study the effect of the nature 
•of the solvent, the concentration and the temperatixre on the 
electrode potentials and electromotive forces of cells in water, 
ethyl alcohol, methyl alcohol and in the binary mixtures of 
these solvents. 

Materials and Solutions 

Water .—The conductivity water used was prepared 
according to the method of Jones and Mackay.* It had a 
specific conductance of approximately 1.5 X 10“ * mhos. 

Ethyl Alcohol .—Ordinary 95% alcohol which had been 
allowed to stand over fresh quicklime, or refluxed with quick¬ 
lime iof ten or twelve hours, was first distilled, the distillate 
allowed to stand over anhydrous copper sulphate for three 
weeks and then redistilled. The middle portion of this dis¬ 
tillate was then refluxed with metallic calcium for several 
hoturs and again distilled. Finally, it was refluxed for a short 
time with a little pure silver nitrate and then distilled into dry 
glass-stoppered bottles which were kept in a dark cool place. 
In each distillation only that portion passing over at 78.3° 
o.i was collected. The treatment with silver nitrate was 
found to be absolutely necessary, since otherwise the silver 
nitrate solutions in ethyl alcohol imdergo rapid reduction. 


‘ Am. Cbem. Jour., 19, 83 (1897). 
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Solutions made up with alcohol thus prepared keep indefinitely 
without any apparent trace of reduction. 

Methyl Alcohol. —Kahlbaum’s best grade of methyl alco¬ 
hol was further purified in the same manner as the ethyl 
alcohol except that the treatment with quicklime was omitted. 
In each distillation only that portion was collected which 
passed over at 6o° ± o.i. 

The binary mixtures of the three solvents were made up 
on a percentage basis by direct weighing and the weights 
of each solvent are accurate to =fco. i gram per liter. 

Silver Nitrate .^—Chemically pure silver nitrate was re¬ 
crystallized by the rapid cooling of a hot saturated solution 
of the salt in conductivity water. The fine colorless crystals 
were then transferred to a Buchner funnel, washed with ice- 
cold conductivity water, sucked dry and subsequently heated 
for several hours in a toluol bath at 109°. The pme dry salt 
was preserved in dark bottles and handled with as little 
exposure to light as possible. 

Potassium Chloride .—Chemically pure potassium chloride 
was fmlher purified by reprecipitation from a saturated solu¬ 
tion by means of ptue hydrogen chloride gas. The precipi¬ 
tate was then filtered on a Buchner funnel, washed with con¬ 
ductivity water and finally heated to dryness in an air-bath. 

Solutions .—^All solutions were prepared by direct weigh¬ 
ing, or by the dilution of a freshly prepared solution of higher 
concentration, the solution being made up to volume at 25°. 
Special care was taken to avoid exposure of the solutions to 
the light. 

Apparatus 

The battery, consisting of six half-cells and two calomel 
electrodes, was especially designed for this work. Each half¬ 
cell was provided with a stop-cock in the side-tube which could 
be kept closed except while readings were being made, thus 
preventing unnecessary diffusion between the solutions. 
As a further precaution a loose plug of filter paper was inserted 


^ Kahlbaum’s C. P. salt was used. 
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in the end of the tube after filling and this to a large extent 
prevented diffusion even when the stop-cocks were open. 
The intermediate vessel was a g^ass tube ten inches long and 
one inch in diameter and was provided with eight upright 
tubules into which the side-tubes of the half-cells were in¬ 
serted through tight-fitting, one-hole rubber stoppers. This, 
arrangement possessed the double advantage that the whole 
formed a closed system and that the whole number of cells- 
could be set up and a complete series of readings made with¬ 
out changing anything except the stop-cocks and contacts. 
In order to eliminate the diffusion potential between the solu¬ 
tions the intermediate trough was filled with a normal solu¬ 
tion of pure ammonium nitrate. It was assumed that this- 
solution entirely eliminated the diffusion potential.* 

The calomel cells were made up according to the method 
described by Loomis and Acree.® Pure mercurous chloride 
was repeatedly shaken with a o.ioN solution of potassium 
chloride and a little pure merctuy, allowed to settle, and the 
supernatant liquid decanted. A fresh portion of the potas¬ 
sium chloride solution was then shaken with the calomel 
until thoroughly saturated. In the bottom of the electrode 
vessel was first placed a small quantity of pure mercury 
and over this a layer of the prepared calomel paste and the 
cell filled with the .solution of potassium chloride which had 
been satfirated with mercurous chloride. The single potential 
of the calomel electrode was calculated from the value given 
by Richards,* the values obtained being -Ho.5986 at 0° and 
-Ho.6186 at 25®. The calomel electrodes were renewed 
alternately every two weeks and were found to be reproduci¬ 
ble to within =^=0.30 millivolt. 

The measurements of the electromotive forces were made 
with a Wolff potentiometer in connection with a Leeds- 
Northrup “Type H” wall galvanometer. Differences of 
potential as small as o.oi millivolt could easily be detected 

' Ostwald-Luther: Messungen, 3rd. Ed., p. 448. 

* Am, Chem. Jour., 46, 585 (1911). 

® ^eit. phys. Chem., 24, 39 (1897). 
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in aqueous solutions, but owing to the high resistance of most 
of the alcoholic solutions it was not possible to read closer 
than o.i millivolt. A certified Clark cell having an electro¬ 
motive force of 1.42445 volts was used as the standard; the 
working battery was a single lead accumulator which had 
been charged some time previously and consequently its volt¬ 
age was very constant. 

The constant temperature baths were designed especially 
for this work and were of sufficient size to accommodate the 
whole battery of cells. Both consisted of a large metal box 
within a larger wooden box, the intervening space being 
filled with insulating material. The water in the 25°-bath 
was kept in rapid circulation, electrically heated and the 
temperature kept at 25° ± o.oi by means of an electrically 
controlled regulator. The o°-bath consisted of clean, finely 
crushed ice moistened with distilled water. Both baths 
were provided with covers and arrangements made whereby 
readings could be taken even while the baths were closed. 
Only certified thermometers which permitted reading to o.oi ° 
were used. 

Previous investigators have reported considerable diffi¬ 
culty in obtaining constant easily producible electrodes. A 
large amount of work had to be done, therefore, before a satis¬ 
factory method was found for preparing the silver electrodes. 
For the first electrodes a short piece of piu-e silver wire to which 
had been soldered a small copper wire was sealed into a nar¬ 
row glass tube by means of fused silver chloride, leaving about 
a half-inch of the silver wire exposed. To prevent amalgama¬ 
tion of the silver by the mercury which was used for making 
contact with the copper wire, the tube was filled well above 
the junction with melted paraffin. Before using, all the elec¬ 
trodes were plated in a solution of potassium silver cyanide. 
To insure uniform plating they were connected in series and 
a small current of 10 milliamperes passed for ten or twelve 
hours. Pure silver wires were used as anodes. After plating 
the electrodes were quickly removed, rinsed with distilled 
water and allowed to stand for twenty-four hours in contact 
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with a plate of pure silver inunersed in a silver nitrate solu~ 
tion. Regardless of these precautions, the electrode poten* 
tials varied widely and frequently by as mudi as *5 milli¬ 
volts. Also, for a given electrode, the potential gradually 
changes with the time. The accompanying decrease is most 
rapid at first, then more slowly, and finally attains a constant 
value after fifteen or twenty minutes. Upon examination 
of the electrodes it was found that the fused silver chloride 
had become disintegrated and partially removed. This difil- 
culty was overcome by sealing the silver wire directly into 
the glass tube by means of soft sealing glass. That the nature 
of the surface of the electrode has a considerable influence was. 
shown by the fact that satisfactory agreement between the 
different electrodes is obtained only when the electrode sur¬ 
faces are smooth. 

The following table will serve'^ to illustrate how easily 
the electrode potentials can be duplicated. The two sets of 
readings represent the electromotive force of silver in 0.05 iV 
silver nitrate in ethyl alcohol against the o.oi iV calomel elec¬ 
trode at 25°. The readings were taken at different times,, 
with different solutions and with different electrodes. 


Time 

Electrodes 

E. M. F. 

Volts 

Jan. 14, 1914 

A 

0.4502 


B 

0.4502 


C 

0.4505 


D 

04503 



Mean, 0.4503 

Mar. 19, 1914 

G 

0.4506 


J 

04503 


0 

0.4500 


U 

0.4505 


1 

Mean, 0.45035 


Before using, the electrodes were checked against each 
other and five were chosen for each concentration series. 
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one leading being taken with each electrode in each solution. 
After using, the electrodes were thoroughly rinsed with pure 
alcohol and dried before being inserted into the next cell. 
Each voltage given in the following tables is, therefore, the 
mean of five different determinations. 


Theoretical 


The total electromotive force of a battery is the sum of 
four potential differences, viz., at the junction of the connect¬ 
ing wires with the two electrodes, at the surfaces of contact 
between the electrodes and their respective solutions, and at 
the junction of the two solutions. Under ordinary condi¬ 
tions the first potential difference in concentration cells is 
absent. 

According to the osmotic theory of the cell as established 
by Nemst the difference of potential between a metal and a 
solution of one of its salts is given by the relation, 

RT, P ., 

.<■> 


where R represents the gas constant (2 cal.), T the absolute 
temperatiue, n the valence of the cation, / one Faraday 
(96540 coulombs), P the solution tension of the metal, and p 
the osmotic pressure of the metallic ions in the solution. The 
electromotive force at the junction of the two solutions is 
given by the relation. 


T 


U — V ^ 

M -F ' nf 


log« 


P? 

pi 


(2) 


where » and v represent the speeds of the cation and anion, 
respectively. When two electrodes of the same metal dip 
into solutions of different concentrations of its ions the re¬ 
sulting electromotive force is the algebraic sum of the elec¬ 
trode potentials and the diffusion potential, or 


IT = (iTi —— Vi) -ITj 


RX , p 2 n 


i> RT, ft 
—;— • —7 log, —, or 
u + v nf * pi 


from which we obtain by rearrangement of terms, 

2 v RT ,_ pi 
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The electromotive force is therefore proportional to the 
logarithm of tdie ratio of the osmotic pressures of the metallic 
ions in the two solutions and is independent of their absolute 
magnitudes. Since the osmotic pressure of the ions in a given 
solution is proportional to the ionic concentration, which in 
turn is dependent upon the degree of dissociation, and since 
the degree of dissociation may be considered as being pro¬ 
portional to the molecular conductivity, we may write, 

___ OCfC 2 __ X2C2 / \ 

Pi <xiCi XiCi 


where pi and p2 represent the osmotic pressures of the cations, 
ai and 012 the degrees of dissociation, and Xi and X2 the equiva¬ 
lent molecular conductivities of the two solutions whose 
concentrations are ci and C2, respectively. By substitution 
in (3) we have 


JT 


1 X2C; 

u + v 'nf XjCi 


(5) 


In this work the diffusion potential is assumed to be com¬ 
pletely eliminated by the interposition of the ammonium 
nitrate solution. Hence by substituting (4) in 

fl- = (fl., — X*) = log, ^.(6) 


which represents the electromotive force of the cell due to the 
potential differences at the two electrodes, we have 


X 



\ 2 C 2 

XiCi 


(7) 


The value of P, the solution tension of the metal, can be 
calculated as follows. From Equation i we obtain the trans¬ 
formation 

log,P = ^ + log,p, 


The osmotic pressure of the ions is given by the relation 

p == 22.4 c a -. 

273 


(8) 
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The tenn -- may be substituted for a, which gives as the 
Xoo 

complete expression for P, 

Iog.P - g + log. («. 41 , jj).(9) 


The temperature coefficients of the electrode potentials 
were calculated by means of the equation, 

dir iTo — ir2s 
dt iTo • 25 


The relation between the electrical and chemical energies 
in a cell is given by the Helmholtz equation, 




(10) 


where Q is the heat of ionization of the metal in calories. By 
transposition we obtain 




which is the equation used for calculating the heats of ioniza¬ 
tion. 

Results 

In Tables I to X are given the results obtained for solu¬ 
tions in ethyl and methyl alcohols and their binary mixtures. 


Table I 

Electrode potentials in ethyl and methyl alcohol 

25° 


N 

100 ethyl 
Volts 

75 ethyl 

25 methyl 
Volts 

50 ethyl 

50 methyl 
Volts 

25 ethyl 

75 methyl ! 
Volts 1 

100 methyl 
Volts 

0.10 

1.0752 

1.0795 

I .0836 

I .0868 

I.0960 

0,05 

I .0689 

1.0740 

1.0778 

I .0808 

1.0841 

0.025 

I 0574 

I .0612 

1.0659 

I .0680 

I .0708 

O.OI 

I .0412 

1.0456 

I .0491 

1.0543 

I 0612 

0.005 

I .0229 

1.0273 

1.0323 

1.0374 

1 0425 
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Table II 


N 

loo ethyl 
Volts 

75 ethyl 

25 methyl 
Volts 

50 ethyl 

50 methyl 
Volts 

25 ethyl 1 
75 methyl 
Volts 

xoo methyl 
Volts 

0.10 

1.0745 

I.0778 

1.0794 

1.0824 

I.0868 

0.05 

I .0676 

I.0719 

10734 

I.0778 

1.0810 

0.025 

I .0526 

10579 

l .0623 

I.0662 

I.0684 

O.OI 

1.0307 

I-0338 

10393 

1.0438 

I.0506 

0.005 

1.0118 

I. 0160 

I .0256 

10315 

10374 


Table III 

Temperature coefficients of electrode potentials of silver in ethyl 

and methyl alcohol 


N 

100 ethyl 

75 ethyl 

25 methyl 

50 ethyl 

50 methyl j 

25 ethyl 

75 methyl 

100 methyl 

O.IO 

+0,000026 

+0.000063 

+0.000156 

+0.000156 

+0.000341 

0.05 

0.000048 

0.000078 

0.000166 

0.000109 

0.000115 

0.025 

0.000182 

0.000126 

0.000136 

0.000068 

0.000090 

O.OI 

0.000420 

0.000458 

0.000377 

0.000403 

0.000404 

0.005 

0.000448 

0.000445 

0.000272 

0.000268 

0.000198 


The alcoholic solutions are in all cases positive with re¬ 
spect to the calomel electrode. The single potentials in methyl 
alcohol are higher than those in ethyl alcohol, which is in 
harmony with the results obtained by Jones. ^ It is inter¬ 
esting to note that the curve showing the effect of the mix¬ 
tures of the alcohols on the electrode potentials are practically 
straight lines (Figs. I and II), For all these solvents the elec¬ 
trode potentials decrease with increase in dilution, i. e., the 
electrode becomes less and less positive to the solution (Figs. 
Ill and IV). 

Kahlenberg* found the single potentials of silver in a 
o.io N solution of silver nitrate in ethyl and methyl alcohol 
to be 1.083 and j.io8 volts, respectively, while the values 
here obtained for the corresponding solutions are 1.0732 and 


^ Loc. cit. 
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1.0960 volts. The i^eement may be considered satisfac¬ 
tory since Kahlenberg did not take any special precautions 
in preparing his electrodes nor does he claim that his results 
are more than qualitative in nature. 



/./o. 



ao ISO 

Dilution 


aoo 


The electrode potentials of the alcoholic solutions in¬ 
crease slightly with rise in temperature between 0° and 25°. 
The amount of this increase is small and therefore the posi¬ 
tive temperature coefficients are hardly more than approxi¬ 
mate values. Except in the solutions in the pure methyl 
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alcohol, the temperature coeSSde&ts increase with increase in 
dilution, the increase being most marked on the ethyl alcohol 
side. 

A few measurements were made tm cells of the type 
Ag—AgNO* (ethyl)—AgNOs (methyl) — Ag, 

both solutions having exactly the same concentration. In 
these cells the solutions in methyl alcohol are always positive 
to those in ethyl alcohol, as was found by Jones, but the elec¬ 
tromotive forces of the cells are in all cases considerably 
larger than those obtained by him. The results of these 
measurements at 25° are given in the following table: 


Table IV 

Concentration cells in two alcohols 


N 

E. M. P. 

Volts 

0 

6 

0.0215 

0.05 

0.0200 

0.025 

0.0210 

O.OI 

0.0210 

0.005 

0.0210 


It will be observed that using the two solvents the elec¬ 
tromotive forces in these cells are independent of the concen¬ 
tration used. If, as has been assumed, the electromotive 
force at the junction of the two solutions has been entirely 
eliminated and since the electromotive force of a concentra¬ 
tion cell at a given temperature is proportional to the logarithm 
of the ratio of the ionic concentrations in the two solutions, it 
follows that the ratio between the ionic concentrations for 
equivalent concentrations of the salt in the two alcohols is 
constant and independent of the dilution. 

The electromotive forces oi all the possible conmitration 
cells for each solvent have be^ determined and they are given 
in Tables V and VI: 
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Table V 

Concentration cells in ethyl and methyl alcohol 

25° 


N 

rNs 

loo ethyl 
Volts 

75 ethyl 
25 methyl 
Volts 

50 ethyl 
50 methyl 
Volts 

25 ethyl 

75 methyl 
Volts 

100 methyl 
Volts 

0.1 

-0.05 

0.007 

0.004 

0.006 

0.006 

0.012 

0.1 

-0.025 

0.025 

0.019 

0.023 

0.018 

0.024 

0. I 

-O.OI 

0.034 

0035 

0.038 

0.039 i 

0.040 

0.1 

-0.005 

0.054 

0.052 

0.054 

0.051 

0.058 

0.05 

-0.025 

0 011 

0 012 

0.012 

0.013 

0.012 

0.05 

-O.OI 

0.039 

0.029 

0.029 

0.029 

0.031 

0.05 

-0.005 

0.045 

0.046 

0.044 

0.044 

0.047 

0.025-0.01 

0.014 

0.020 

0.016 

0.017 

0.022 

0.025-0.005 

0.034 

0.033 

0.032 

0 032 

0.038 

O.OI 

0.005 

0 019 

0.015 

0 015 

0.012 

0.016 




Table VI 

0® 



NrNj 

' 100 ethyl 
• Volts 

75 ethyl 
25 methyl 
Volts 

50 ethyl 
50 methyl 
Volts 

f' 

1 25 ethyl 
j 75 methyl 

1 Volts 

100 methvl 
Volts 

0.1 

-0,05 

1 0 007 

0.008 

0.009 

1 0.008 

O.OII 

0, I 

-0.025 

; 0.022 

0.024 

0.022 

! 0.018 

0.019 

0. l 

-0.01 

1 0.044 

0.044 

0.041 

0.037 

0.039 

0.1 

-0,005 

i 0.062 

0 060 

0.051 

0 050 

0.051 

0.05 

-0.025 

i 0015 

0.014 

0.010 

O.OII 

1 

0.012 

0.05 

-O.OI 

, 0.038 

0 037 

0 033 

0.033 

0.033 

0.05 

-0.005 

! 0055 

0.047 

0.046 

0.044 

0.043 

0.025-0.01 

! 0.022 

0.024 

0.020 

0.020 

0.018 

0.025-0.005 

1 0.040 

0.032 

0.035 

0.033 

0.032 

O.OI 

-0.005 

1 0.017 

0.016 

0.014 

1 0.013 

0.013 


The values of the electromotive forces of these cells, 
calculated by means of Equation 5 from the conductivity 
values of the corresponding silver nitrate solutions, are given 
in Tables VII and VIII. For the benefit of other workers 
in this field the conductivity data are added in Tables IX and 
X. 
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Tabis VII 

25“ 


Ni-N* 

100 ethyl 
Volts 

75 ethyl 
25 methyl 
Volts 

50 ethyl 
50 methyl 
Volts 

25 ethyl 
75 methyl 
Volts 

100 methyl 
Volts 

o.i -0.05 

0.012 

0.012 

O.OII 

0.012 

0.012 

o.i -0.025 

0.024 

0.024 

0.025 

0.026 

0.024 

O.I -o.oi 

0.047 

0.044 

0.044 

0.044 

0.046 

O.I -0.005 

0.061 

0.059 

0.059 

0.057 

0.060 

0.05 -0.025 

0.012 

0.012 

j 

0.013 

0.014 

O.OII 

0.05 -O.OI 

0.035 

0.033 

0.032 

0.032 

0,033 

0.05 -0.005 

0.049 

0.047 

0.047 

0.045 

0.048 

0.025-0.01 

0.022 

0.020 1 

0.019 1 

0.017 

0.022 

0.0250.005 

0.038 

0.034 

0.034 

0.031 

0.037 

O.OI 0.005 

0.014 

0.014 

0.015 

0.013 

0.015 


Table VIII 


Ni-Na 

100 ethyl 
Volts 

75 ethyl 
25 methyl 
Volts 

50 ethyl 
50 methyl 
Volts 

25 ethyl 

75 methyl 
Volts 

100 methyl 
Volts 

O.I -0.05 

0.012 

O.OII 

O.OII 

0.012 

0.012 

O.I -0.025 

0,025 

0.024 

0.025 

0.026 

0.023 

O.I -O.OI 

0.046 

0.044 

0.044 

0.044 

0.046 

O.I -0.005 

0.061 

O.ote 

0.059 

0.058 

0.061 

0,05 -0.025 

0.012 

0.013 

0.013 

0.013 

O.OII 

0.05 -0,01 

0.034 

1 0.033 

0.032 

0.033 

0.034 

0.05 -0.005 

0.048 

0.047 

0.047 

0.046 

0.049 

0.025-0.01 

0.022 

0.020 

0.020 

0.019 

0.022 

0.025-0.005 

0.032 

0.034 

0.034 

0.032 

0.037 

O.OI -0.005 

0.014 

0.015 

0.015 

0.013 

0.014 


In all the above concentration cells the most concentrated 
solution is, as we should expect, positive with respect to the 
more dilute. It should be borne in mind that the high resist¬ 
ances encountered in these elutions make the measurement 
of the electromotive force somewhat difficult and more or less 
subject to error. Nevertheless the agreement between the 
calculated and observed electromotive forces may be consid¬ 
ered very satisfactory and shows without question that the 
Nemst formula can be applied not only to non-aqueous sol¬ 
vents, but also to binary mixtures of th^ scdyents. 
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Table IX 

Molecular conductivities of silver nitrate* 


25“ 


N 

100 ethyl 

75 ethyl 

25 methyl 

50 ethyl 

50 methyl 

25 ethyl 

75 methyl 

100 methyl 

O.IO 

13*215 

18.021 

23.670 

30.214 

38.575 

0.05 

16.380 

22.604 

29-952 i 

37-548 

47-919 

0.025 

20.180 

27-479 

35 - 548 ! 

43-314 

61.361 

O.OI 

21.050 

31-890 

42-390 

54090 

64.800 

0,005 

42.520 

36.410 

47-290 1 

64.400 

72.810 


Table X 
0“ 


N 

100 ethyl 

75 ethyl > 
25 methyl • 

50 ethyl 

50 methyl 

25 ethyl 

75 methyl 

1 

1 

' 100 methyl 

0.10 

8.246 

1 

11.770 

16.154 

21.506 

1 

1 28.122 

0.05 

10.253 

14.821 

20.404 

26.788 

35 -142 

0.025 

12.611 

17 905 ! 

24.094 

31-580 

; 45-061 

O.OI 

13.610 

29.780 , 

29.040 

38.010 

, 46.730 

0.005 

15.610 

23.400 ' 

32.17 

44-940 

52.490 


In Tables XI and XII are given the results obtained for 
solutions in water and ethyl alcohol and in their binary mix¬ 
tures. 

Table XI 


Electrode potentials of silver in water and ethyl alcohol 

25“ 


N 

100 water 
Volts 

1 

75 water 

25 ethyl 
Volts 

50 water 

50 ethyl 
Volts 

25 water 

75 ethyl 
Volts 

100 ethyl 
Volts 

0.10 

1.0098 

1.0136 

1.0275 

1.0442 

1-0758 

0.05 

0.9971 

I.0044 

1.0152 

1.0340 

I.0690 

0.025 

0.9809 

0.9891 

I.0002 

1.0198 

1.0584 

0.0125 

0.9704 

0.9783 

0.9892 

I.0047 

I.0498 

0.00625 

0.9557 

0.9644 

0.9746 

0.9908 

1.0372 


* The conductivity values of the 0.01 N and 0,005 ^ are taken from the 
work of Jones and Rouiller (Am. Chem. Jour., 36, 427 (1906)). The remaining 
values were determined in this laboratory. 
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Tablb XII 


N 


O. lO 

0.05 

0.025 

0.0125 

0.00625 


100 water 
Volts 


I.0108 

0.9995 

0.9866 

0.9780 

0.9651 


75 water 
25 ethyl 
Volts 


I.0162 
I.0061 
0.9940 
0.9838 
0.9716 


50 water 
50 ethyl 
Volts 


I.0222 
I.0132 
1.0022 

0.9933 

0.9822 


25 water 
75 ethyl 
Volts 


1.0336 
I.0238 
I.0130 
1.0020 
o. 9920 


too ethyl 
Volts 


I.0742 
I.0676 
I 0525 
I 0379 
I.0242 


Tabi.e XIII 

Temperature coefficients of electrode potentials of silver in water 

and ethyl alcohol 


N 


100 water 


75 water 
25 ethyl 


50 water 
50 ethyl 


25 water 
75 ethyl 


100 ethyl 


O.IO I—0.000039 
0.05 !—o.oooioo 
0.025 !—0.000231 

0.0125 I—0.000311 
0.00625 i —0.000390 


.000103 

.000088 

.000198 

.000225 

.000297 


+0.000208 +0.000415 
+0.000100, +0.000400 


.ockx)8o 

.000165 

000310 


+0.000269 
+0.000108 
.000047 


+0.000048 

+0.000053 

+0.000244 

+0.000458 

+0.000507 


The electrode potentials of silver are somewhat smaller 
in the aqueous solutions than they are in the ethyl alcohol. 
The effect of change of solvent on the electrode potentials is 
shown in Figs. V and VI. Starting with an alcoholic solu¬ 
tion, the decrease in potential is most rapid for the first addi¬ 
tions of water, the decrease becoming less and less for each 
subsequent addition. As we should expect, the electrode 
potential of silver in water solutions decreases with increas¬ 
ing dilution and the rate of this decrease is approximately 
the same as was found in the alcoholic solutions (see Figs. 
VII and VIII). 

Contrary to the behavior observed in the alcoholic solu¬ 
tions, the electrode potential decreases with rise in tempera- 
ttne between o® and 25®. Negative temperattne coefficients 
are found not only in the pure water and the 75 percent water 
mixture, but also in the more dilute solutions of the remain- 
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ing binary solvents. It is to be observed that the influence 
due to the water in these mixtures is displaced toward higher 
dilutions as the percentage of the alcohol increases. Except 
in the pure ethyl alcohol, the temperature coefficients of the 
electrode potentials decrease with increasing dilution. 
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The electromotive ‘forces of the a>ticeiitratioii cells in 
water and ethyl alcohol and their mixtures are given in Tables 
XrV and XV. The values of the dectromotive forces of these 
cdls as calculated from the conductivity data (Tables XVIII 
and XrX) are given in Tables XVI and XVII. The agree¬ 
ment between the calculated and observed values is very 
satisfactory. 


Table XIV 

Concentration cells in water and ethyl alcohol 


Ni-Ni 

100 water 
Volts 

75 water 
25 ethyl 
Volts 

50 water 
50 ethyl 
Volts 

25 water 
75 ethyl 
Volts 

100 ethyl 
Volts 

0.1 

-0.05 

0.015 

0.015 

0.015 

0.015 

0.012 

O.I 

-0.025 

0.032 

0.031 

0.032 

0.029 

0.025 

0.1 

-0.0125 

0.045 

0.044 

0.049 

0.046 

0.035 

O.I 

-0.00625 

0,062 

0,060 

0.060 

0.060 

0.049 

0.05 

-0.025 

0.016 

0,016 

0.016 

0.014 

0.012 

0.05 

-0.0125 

0.031 

0.032 

0.032 

0.031 

0.025 

0.05 

-0.00625 

0,048 

0.049 

0.046 

0.045 

' 0.040 

0.025 

-0.0125 

0.016 

0.016 

0.015 

0.014 

0,012 

0.025 -*0.00625 

0.033 

0.034 

0.032 

0,032 

0.026 

0.0125-0.00625 

0.017 

o.oi6 

0.016 

0.016 

0.013 


Table XV 


N1-N2 

100 water 
Volts 

75 water 
25 ethyl 
Volts 

50 water 
50 ethyl 
Volts 

“ 

25 water 
75 ethyl 
Volts 

100 ethyl 
Volts 

0.1 

-0.05 

0.016 

0.014 

0.015 

O.OII 

O.OIO 

O.I 

-0.025 

0033 

0.030 

0.031 

0.028 

0.022 

0.1 

-0.0125 

0.049 

0.046 

0.042 

0.041 

0.035 

O.I 

-0.00625 

0.064 

0.058 

0.059 

0,049 

0.049 

0.05 

-0.025 

0.015 

0.014 

0.015 

0.015 

0.014 

0.05 

-0.0125 

0.033 

0.031 

0.031 

0,028 

0.030 

0.05 

-0.00625 

0.049 

0.044 

0.045 

0.044 

0.041 

0.025 

-0.0125 

0.016 

0.016 

0.015 

0.014 

0.014 

0.025 

-0.00625 

0.033 

0.033 

0.030 

0.028 

0.027 

0.0125-0.00625 

0.016 

0.016 

0,016 

0.014 

0.012 
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Table XVI 

Concentration cells in water and ethyl alcohol. (Calculated) 

25“ 


N.-N, ! 

100 water 
Volts 

75 water 
25 ethyl 1 
Volts 

50 water 
50 ethyl 
Volts 

25 water 
75 ethyl 
Volts 

100 ethyl 
Volts 

0. I 

-0.05 

0.018 

0.016 

0.016 

0.015 

0.012 

0. I 

-0.025 

0.033 

0.032 

0.032 

0.030 

0.025 

0. I 

-0.0125 

0.049 

0.050 

0.049 

0.045 

0.042 

0. I 

-0.00625 

0.066 

0.067 

0.065 

0.061 

0.058 

0.05 

--0.025 

0.016 

0.016 

0.016 

0.014 

0.012 

0.05 

-0.0125 

0.033 

0.033 

0.032 

0.030 

0.026 

0.05 

-0.00625 

0.050 I 

1 0.050 

0.049 

0.046 

0.040 

0.025 

-0.0125 

1 0.016 1 

1 0.016 

i 0.016 

{ 

0.015 

0.013 

0.025 

-0.006251 0.033 

0.034 

1 0.032 

0.031 

0.027 

0,0125-0 00625 

! 0.017 

1 0.017 

1 0.016 

0.016 

0.013 


Table XVII 
0° 


NrNj 

100 water 
Volts 

75 water 
25 ethyl 
Volts 

50 water 
50 ethyl 
Volts 

25 water 
75 ethyl 
Volts 

100 ethyl 
Volts 

0.1 

-0.05 

0.016 

0.015 

0.016 

0.014 

O.OII 

0.1 

-0.025 

0.032 

0.031 

0.033 

0.029 

0.024 

0.1 

-0.0125 

0.049 

0.047 

0.048 

0.043 

0.037 

0.1 

-0.00625 

0.065 

0.064 

0.064 

0.059 

0.051 

0.05 

-0.025 

0 015 

0.015 

0.016 

0.016 

0.012 

0.05 

-0.0125 

0.033 

0.031 

0.032 

0.028 

0.026 

0.05 

-0.00625 

0.049 

0.048 

0.048 

0.045 

0.040 

0.025 

-0.0125 

0.017 

0,016 

; 0.015 

0.013 

0.014 

0.025 

-0.00625 

0.034 

0.032 

i 0.031 

0.029 

0.028 

0.0125-0.00625 

0.016 

0.016 

i 0.016 

0.016 

0.014 


Table XVIII 

Molecular conductivity of silver nitrate in water and ethyl alcohol* 

25“ 


N 

100 water 

75 water 

25 ethyl 

50 water 

50 ethyl 

25 water 

75 ethyl • 

100 ethyl 

0.10 

99.46 

54.60* 

35-25* 

24-75* 

13.21 

0.05 

105.72 

56-50* 

37-92 

27.02 

14*34 

0.025 

110.22 

59-79 

39-58 

30.52 

1705 

0.0125 

115.81 

62.78 

42-51 

33 • 72 

i 20.23 

0,00625 

119.86 

63-85 

45-20 

36.03 

! 23.95 


^ These conductivity values are taken from the work of Jones and Bassett, 
(Am. Chem. Jour., 3a, 409 (1904)). Those marked * were obtained by inter¬ 
polation. 
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Tablb XtX 

o“ 


N 

. 

100 water 

75 water 

25 ethyl 

50 water 
50 ethyl 

25 water 

75 ethyl 

too ethyl 

0.10 

55-72 

22.25* 

* 4 - 75 * 

**• 75 * 

7.84 

0.05 

58.63 

23 - 75 * 

*5-26 

* 3*7 

9 -65 

0.025 

62.10 

25-97 

*5-82 

* 4-37 

12.14 

0.0125 

63.16 

26.76 

*7.09 

16.88 

*3-76 

0.00625 

65-38 

27-65 

*7.98 

*7.48 

*563 


The results obtained for solutions of silver nitrate in 
water and methyl alcohol and in their binary mixtures are 
given in Table XX to XXVIII. 


Table XX 

Electrode potentials of silver in water and methyl alcohol 

25° 


N 

• too water 
Volts 

75 water 

25 methyl 
Volts 

50 water 
50 methyl 
Volts 1 

25 water 

75 methyl 
Volts 

too methyl 
Volts 

0.10 

I.0105 

I .0248 

1.0412 

1.0627 

* 0958 

0.05 

0-9975 

1.0128 

1.0280 

1.0520 

I.0838 

0.025 

0.9831 

0.9953 

I. 0139 

I 0371 

*07*3 

0.0125 

0.9702 

0.9791 

I .0020 

1.0254 

1.0631 

0.00625 

0.9555 

0.9647 

0.9900 

I. 0142 

I.0496 


Table XXI 


N 

100 water 
- Volts 

1 

75 water 

25 methyl 
Volts 

50 water 

50 methyl 
Volts 

25 water 

75 methyl 
Volts 

too methyl 
Volts 

0.10 

1.0108 

I.0263 

I .0408 

1.0608 

1.0866 

0.05 

0.9995 

I.0174 

1.0314 

1.0501 

1.0814 

0.025 

0.9869 

1.0034 

1.0187 

1.0390 

1.0690 

0.0125 

0.9782 

0.9953 

I.OIOI 

1*0284 

I.0563 

0.00625 ! 

0.9650 

0.9834 

0.9970 

1.0170 

I.0428 
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Table XXII 


Temperature coefScients of electrode potentials of silver in water 

and methyl alcohol 


N 

log water 

75 water 

25 methyl 

50 water 

50 methyl 

25 water 

75 methyl 

O.IO 

—0.000047 

—0.000058 

—0.000015 

+0.000071 

0.05 

—0.000080 

—0.000183 

—0.000132 

+0.000072 

0.025 

—0.000154 

0.000323 

—0.000188 j 

—0.000074 

0.0125 

—0.000327 

—0.000652 

—0.000282 

—O.OOOIII 

0.00625 

—0.000394 

—0.0007601 

— 0.00037 n — O.OOOII2 


100 methyl 


+0.000332 
+ 0.000111 
+0.000086 
+0.000256 
+0.000268 


The effect of change of solvent on the electrode potential 
is shown in Figs. IX and X. While these curves are straighter 



than those obtained for water and ethyl alcohol and their 
mixtures, they still show the more rapid drop on the methyl 
alcohol side of the curve. The effect of concentration on the 
electrode potentials in the water and methyl alcohol solutions 
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(Figs. XI aad XII) is the same as has been found fm* the other 
solvents studied. The electrode potential of silver in pure 
methyl alcohol solutions stands between those for silver in 
aqueous and methyl alcohol solutions. This rdation also 
holds for the relative positions of the solution tension of sil* 
ver in the pure solvents. On the other hand, the values for 
the molecular conductivity of silver nitrate in methyl alcohol 
lie between those in water and ethyl alcohol. 



As was observed above, the temperature coefficients in 
water solutions are negative while those in methyl alcohol are 
positive. Here again, the influence of the water manife sts 
itself in the more dilute solutions of those binary mixtures 
which contain a high percent of methyl alcohol and this to a 
much greater extent than in the water-ethyl alcohol mixtures. 

The observed electromotive forces of the concentration 
cells in water and methyl alcohol are recorded in TaWes XXIII 
and XXIV, the calculated values in Tables XXV and XXVI. 
Here again the agreement is as dose as could be desired. 
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Table XXIII 

Concentration cells in water and methyl alcohol 

25“ 


NrNa 

100 water 
Volts 

75 water 
25 methyl 
Volts 

50 water 
50 methyl 
Volts 

25 water 
75 methyl 
Volts 

100 methyl 
Volts 

0.1 

-0.05 

0.015 

0.014 

0.015 

0.013 

t 

0.012 

0.1 

-0.025 

0033 

0.031 

0.030 

0.029 

0.020 

0.1 

-0.0125 

0.045 

0.047 

0.048 

0.047 

0.039 

0.1 

-0.00625 

0.062 

0.061 

0.051 

0.056 

0.056 

0.05 

-0.025 

0.016 

0.016 

0.016 

0.016 

0 012 

0.05 

-0.0125 ! 

0.031 

0 030 

0.032 

0.032 

0.026 

0.05 

-0.00625 

0.048 

0.047 

0.046 

0.049 

0.041 

0.025 

"O.0125 

0.016 

0.016 

0.015 

0.016 

I 0.013 

0.025 

-0.00625 

0.033 

0.034 

0.032 

0.034 

1 0.028 

0.0125-0.00625 

0.017 

0.015 

0.015 

0 015 

1 0.014 


Table XXIV 


Ni-Ni 

100 water 
Volts 

75 water 
25 methyl 
Volts 

50 water 
50 methyl 
Volts 

25 water 
75 methyl 
Volts 

100 methyl 
Volts 

0.1 

-0.05 

0.015 

0.015 

0.014 

0.015 

0.009 

O.I 

-0.025 

0.033 

0.029 

0.030 

0.030 

0.025 

0.1 

-0.0125 

0.048 

0.047 

0.044 

0.040 

0.036 

0.1 

-0.00625 

0.064 

0.061 

0.058 

0055 

0.049 

0.05 

-0.025 

0.015 

0.016 

0.015 

0.016 

O.OI I 

0.05 

-0.0125 

0.033 

0.032 

0.033 

0.030 

0.027 

0.05 

-0.00625 

0.048 

0.047 

0.045 

0.043 

0.042 

0.025 

-0.0125 

0.016 

0.016 

0.015 

0.014 

0.015 

0,025 -0.00625 

0033 

0.032 

0.032 

0.031 

0.028 

0.0125-0.00625 

0.016 

0.015 

0.016 

0.015 

0.013 



754 


J. N. Pearce and W. H. Farr 


Tabi^ XXV 

Concentration cells in water and methyl alcohol. (Calculated) 

25“ 


NrNa 

100 water 
Volts 

75 water 
25 methyl 
Volts 

50 water 
50 methyl 
Volts 

2$ water 
75 methyl 
Volts 

100 methyl 
Volts 

0.1 

-0.05 

0.018 

0.016 

0.015 

0.014 

0.012 

0.1 

-*0.025 

0.033 

0.033 

0.032 

0.030 

0.023 

0. I 

-0.0125 

0.049 

0.050 

0.048 

0.045 

0.039 

0.1 

-0.00625 

0.066 

! 0.066 

0.065 

0.061 

0.054 

0.05 

-0.025 

0.016 

0.016 

! 0.016 

0.015 

O.OII 

0.05 

-0.0125 

0.033 

0033 

0*033 

0.031 

0.027 

0.05 

“0.00625 

0.050 

0.050 

I 0.049 

0.047 

0.042 

0.025 

-0.0125 

0.016 

0.016 

0.016 

0.015 

0.013 

0.025 “0.00625 

0.033 

0.033 

0.033 

' 0.031 

0.028 

0.0125-0.00625 

0.017 

0.016 

0.016 

0.016 

0 015 


Tablr XXVI 



100 water 
Volts 

75 water 
25 methyl 
Volts 

50 water 
50 methyl 
Volts 

25 water 
75 methyl 
ol ts 

100 methyl 
Volts 

0,1 

-0.05 

0.016 

0.015 

; 0.015 

0.015 

0.012 

0.1 

-0.025 

0.032 

0,031 

0.032 

0.030 

0.025 

0.1 

-0.0125 

0.049 

0.047 

0.048 

0.046 

0.038 

0.1 

“O.00625 

0,066 

0.064 

0,064 

0.061 

0053 

0.05 

-0.025 

0.016 

0.015 

0.016 

0.015 

O.OII 

0.05 

-0.0125 

0.033 

0.032 

0.032 

0.030 

0.027 

0.05 

-0.00625 

0.050 

0.048 

0.049 

0.047 

0.041 

0.025 

-0.0125 

0.017 

0.016 

0.016 

0.016 

0.014 

0.025 

-0.00625 

0.034 

0.033 

0.032 

0.031 

0.028 

0.0125-0.00625 1 

0.017 

0.016 

0.016 

0.016 

0.014 
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Table XXVII 

Molecular conductivities of silver nitrate in water and methyl 

alcohol* 

25° 


N 

1 

100 water 

1 75 water 
j 25 methyl 

1 

50 water 

50 methyl 

25 water 

75 methyl 

100 methyl 

0 

0 

i 99-46 

i 65.50* 

49-25* 

41.50* 

35-77 

0.05 

; 105.72 

i 68.75* 

53-33 

48.20 

44-67 

0.025 

1 110.22 

1 72.68 ! 

56.80 

52.33 

53-42 

0.0125 

115-81 

! 7.5-56 

59-75 

1 57-17 

62.95 

0.00625 

' 119.86 

i 79-34 

63.22 

1 61.31 

70.30 


Table XXVIII 


N 

1 icx) water ! 

1 

! i 

75 water 

25 methyl 

t 

50 water i 
50 methyl , 

25 water 
75 methyl 

1 

j loo methyl 

1 

0 

C 

! 1 

1 55 - 72 ; 

30.50* 

25-25* j 

25.60* 

* 25.98 

0.05 

58.63 ! 

33.00* 

27.27 ' 

27.98 

1 32.63 

0,025 

I 63 10 

35-63 

28.63 ; 

30.03 

, 39-71 

0.0125 

1 63.16 , 

36-95 

29-93 

32.81 

! 45 - 28 

0.00625 

1 65.38 , 

39 03 

31-47 I 

35-22 

1 50.09 


The solution tension of silver in water, ethyl alcohol 
and methyl alcohol were calculated by means of the equa¬ 
tion 

log P = + log (22.4 c- ^ ) 

^ 0.058 ^ \ ^ Xao 273/ 

For at 25° the following values were assumed: water = 
128.54,® ethyl alcohol = 35.6,® methyl alcohol = 98.0.® 
The corresponding values for silver nitrate in the mixed sol¬ 
vents have not been determined. 

The values of the solution tension of silver as calculated 
on the basis of each of the five concentrations in the three 
solvents are given for comparison. 

^ Taken from the work of Jones and Bassett (Am. Chem. Jour., 32, 409 
<1904)). Those marked * were obtained by interpolation. 

* Kohlrausch: Sitzungsber. Berl. Akad., 36, 570 (1902). 

* VdUmer: Loc. cit. 
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Tabw XXIX 
Solution tensums of silv»‘ 


N 

Water 

Ethyl alcohol { 

Methyl alcohol 

O.IO 

2.49 X IO-” 

5.30 X lO-** 

1.54 X io-‘» 

0.05 

318 

5 92 

1.91 

0.025 

358 

6.22 

1.81 

0.0125 

4 -50 

6.67 

215 

0.00625 

5-79 

5-59 

2.50 


Mean, 3.91 X io~‘* 

5.94 X io-*» 

1.98 X io-*» 


The solution tension of silver in the o. lo N aqueous solu¬ 
tion is almost identical with the value of 2.3 X io~*’ found 
by Neumann.^ The mean value, which is slightly higher, 
is also in good agreement. The ratio between the solution 
tension of silver in water and in ethyl alcohol as indicated by 
the mean value is not so large as that fotmd by Jones,* but is 
of the drder i : 7 instead of i : 40. It will be observed also 
that there is unmistakable evidence of cm increase in solution 
tension with increase in dilution for all three solvents. 

The heats of ionization of silver calculated for the pure 
solvents and the fifty percent mixtures are given in Table 
XXX. Since it is impossible to obtain solutions containing 
one gram-equivalent weight of silver ions in all the solvents, 
the heats of ionization are calculated on the basis of the elec¬ 
trode potentials at the dilutions used. This gives us at least 
a ba^s for comparison. In the following table each value is 
the mean of ten different values, i. e., the mean of the values 
obtained for the five different concentrations in each solvent 
at the two temperatmes: 

Table XXX 
Heats of ionization 


Ethyl 

Cals. 

Methyl 

Water 

50 water 

50 ethyl 

50 water 

50 methyl 

50 ethyl 

50 methyl 

+22727 

+23126 

+24063 

+24293 

+24541 

+22973 


1 Zeit. phys. Chetn., 14, 193 (1894). 
* Loc. dt. 
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The heat of ionization thus determined for silver in water 
is somewhat lower than that obtained by Ostwald* (26200 
cals). It will be observed that the values for the water-alco¬ 
hol mixtures are slightly higher than for the component sol¬ 
vents, while the heat of ionization in the fifty percent alco¬ 
holic mixture is very nearly the mean of the values in the two 
alcohols. 

We shall extend this work as rapidly as possible to other 
pure solvents and their binary mixtures. 

Summary 

The electrode potentials of silver in solutions of silver 
nitrate in water, ethyl acohol, methyl alcohol and in binary 
mixtures of these solvents have been determined at 0° and 

25 °- 

The electrode potentials are greatest in methyl alcohol 
and least in aqueous solutions, those in ethyl alcohol occupying 
an intermediate position. 

The values of the electrode potentials are highest in the 
most concentrated solutions. They decrease rapidly with 
dilution at first and then afterward the decrease proceeds 
almost linearly with further dilution. 

The electrode potentials in the binary mixtures of the 
two alcohols obey the law of mixtiu-es. In the binary mix¬ 
tures of water and the two alcohols, the electrode potentials 
increase slowly at first with addition of alcohol from the value 
in pure water up to mixtures containing about seventy-five 
percent of the alcohol and then more rapidly with further 
increase in the proportion of alcohol. 

The temperatme coefficients have been calculated for 
each concentration in each solvent used. In both of the alco¬ 
hols and in their binary mixtures the temperature coefficients 
are poative. Those in ethyl alcohol, seventy-five percent 
ethyl and fifty percent ethyl alcohol increase with dilution, 
while the temperature coefficients in methyl alcohol and its 
seventy-five percent mixture pass through a minimum value. 

> Zeit. phys. Chem., 35, 337 (1900). 
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The temperature coefficients in the water and %venty-five 
percent aqueous solutions are negative and the vahie of these 
negative coefficients increases wi^ dilation. Tlie influence of 
the water as manifested by the tmperature coefficients is 
displaced toward higher dilutions as the proporticm of the 
alcohol in the mixture is increased. 

The electromotive forces of all the possible concentration 
cells in all the above solvents have been determined and com¬ 
pared with those calculated from the electrical conductivities 
by means of the Nemst equation. From the agreement be¬ 
tween the observed and calculated electromotive forces it can 
be seen that the Nemst equation can be applied not only to 
solutions in non-aqueous solvents, but also to solutions in 
binary mixtures of these solvents. 

The solution tension of silver in each of the three solvents 
has been calculated. Its value in ethyl alcohol lies between 
that in water and in methyl alcohol. 

The heats of ionization were calculated for the pure sol¬ 
vents and the fifty percent mixtures. The heat of ionization 
in methyl alcohol stands between those in water and ethyl 
alcohol. The values for the water-alcohol mixtures are slightly 
higher than those of the component solvents, while the heat 
of ionization in the fifty percent alcoholic mixture is very nearly 
the mean of the values in the two alcohols. 

Physical Chemical Laboratory 

The State University of Iowa 



A CHEMICALLY RESISTANT GLASS LACQUER 

BY PAUL J. TOX^ 

In the carrying out of exact solubility determinations 
where the substances investigated are only very slightly solu¬ 
ble, as well as in many physico-chemical investigations, and 
in analysis, the solubility of glass becomes a very disturbing 
factor. For example, some bottles of common glass of 240 
cc capacity, being filled with distilled water and placed 
on the water-bath, yielded each enough soluble alkaline 
material to the distilled water to require about 4.0 cc tenth- 
normal acid for neutralization. Though there are kinds of 
glass now manufactured which are very insoluble to distilled 
water and some mild reagents, they are not so in alkalies of 
even moderate strength. Besides, glass vessels are often needed 
in shapes and sizes not to be had in the insoluble varieties of 
glass. 

It seemed to the author worth while to experiment a 
little to see whether a chemically resistant lacquer might not 
be prepared which would adhere well to glass. For this pur¬ 
pose it is obvious that such substances as shellac, mastic, 
copal, etc., are not suited, as they are more or less soluble in 
alkalies. The only substances that appeared to meet the 
requirements were paraffin, ceresin, rubber, gutta percha, 
balata and chicle, the last two being related^ to gutta percha. 
Of these, gutta percha and balata are useless, as, like pyroxylin, 
they peel off glass with extreme readiness—a property which, 
however valuable in other directions, makes them useless 
as a base for a glass lacquer. Pure rubber is somewhat bet¬ 
ter in this respect, but cannot be used alone. Chicle is ex¬ 
tremely adherent to glass —a property which might make 
it valuable for some electrical purposes—but the sample used 

’ Scientist in Soil Investigations, Bureau of Soils, U. S. Dept., Agricul¬ 
ture, Washington, D. C. 

* A, Tschirch: Die Harze und die Harzbehalter, VoL I, p 889!!. I^eipzig, 
1906. A complete discussion of these bodies will be found here. 
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by the writer was somewhat attacked by alkafi. As between 
ceresin and hard paraffin, there appears not mudi difierence, 
but the ceresin seems to give a ^htly smoother surface. 

Ctf solvents, carbon disulphide is the most satisfactcuy, 
as it is the quidcest to work with and generally gives the 
smoothest coat, at least without practice. However, if it is 
desired to avoid carbon disulphide on account of its poison¬ 
ous and inflammable qualities, carbon tetrachloride or chloro¬ 
form may be used, in which case the lacquer must be applied 
hot, as ceresin is not sufficiently soluble in cold carbon tetra¬ 
chloride or chloroform. 

The manner of preparing and using is as follows: Pour 
about loo cc carbon disulphide over 15 grams pure unvul- 
cauized rubber (procure a rather firm rubber). Let stand a 
few hours, or until the mixture becomes homogeneous. Add 
30 grams white ceresin; cut in small pieces and add about 100 
cc more of carbon disulphide. The consistency will vary ac¬ 
cording to the particular sample of rubber, but the addition 
of the ceresin makes the rubber “ solution ” less viscid, in which 
fact the advantage of the lacquer lies. It should be thitmer 
than glycerin. The vessel to be treated is cleaned, rinsed with 
absolute alcohol and drained. It is then one-third filled with 
the lacquer, shaken gently around, and immediately drained. 
With a Kttle practice it is easy to make smooth, translucent 
coatings. It is well to make the lacquer thinner and apply 
two coats, allowing a drying interval of 4-5 hours. If car¬ 
bon tetrachloride is used, make the lacquer thicker and apply 
hot. As good coatings can be obtained with carbon tetra¬ 
chloride as with carbon disulphide with a very little practice. 

The coats will not endure long and violent shaking, but 
stand moderate usage very well. If injured, they do not peel 
away as a piue rubber or gutta percha coating does, but can 
be “repaired” at the point of injury. 

Two common glass bottles of capacity 240 cc w«^ treated 
as above described, and filled with distilled water of conduc¬ 
tivity 2.45 reciprocal megohms (reduced to 20°). They 
were then placed in a thermostat and rotated for 70 hours, 
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when they showed a conductivity (average) of 2.98 reciprocal 
megohms (reduced to 20°). Three blank bottles of same make 
and lot showed a conductivity (average) of 58.0 reciprocal 
megohms. In another test with similar bottles, a lacquered 
bottle was protected from the action of hydrofluoric add suffi- 
dently concentrated to dissolve i. 345 grams of material 
from a like but unprotected bottle, in the same time. 
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BY WILDER D, BANCROFT AND HARRY B. WBISER 

Eieetrolytio Flames 

It has been shown previously’ that all reactions tend to 
emit light and that all reactions do emit light providing the 
reaction velocity is sufficiently high. It ought to be possible, 
therefore, to bring about certain reactions electrolytically 
under such conditions that the electrolytic reactions would be 
accompanied by a luminescence. An effect of this nature was 
observed by Schluederberg.* 

“Very dilute sulphuric add was electrolyzed in a dark 
room with lead wire electrodes and an alternating current— 
3, 2, and i amperes. The solution fills up with a fine white 
predpitate of lead sulphate which obscures the electrodes but, 
by diffusing the Ught, causes the whole solution to glow. 
The appearance of the luminescence is coinddent with the 
passage of the current and seems to depend on the intensity 
of the current as three amp>eres give a better effect than one 
ampere. Also, the greater the current density, the quicker 
the solution fills up with the white predpitate. The lead 
electrodes were replaced with platinum wires but no lumines¬ 
cence was observed. This also precludes the possibility of the 
luminescence having been caused by a static discharge between 
the electrodes. With lead dectrodes and a direct current the 
luminescence was not observed. The anode becomes covered 
almost immediatdy with a layer of brown lead peroxide and 
the solution does not fill up with the white predpitate. Dur¬ 
ing electrolysis of the dilute add with alternating current, the 
lead electrodes were dissolved at a fairly rapid rate.” 

Wilkinson* followed up the observation of Schluederberg 
and used the direct current with several metals other than 

1 Bancroft: Jour. Franklin Inst,, 175,129 (1913). 

* Schluederberg: Jour. Phys. Cbem,, X3» 623 (1908). 

* Wilkinson: Jour. Phys. Chem., 13, 691 (1909), 
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had. He obtained flashes of light of varying intensity in a 
number of cases. 

This work was taken up with the end in view of stud5dng 
in detail the reactions which produce the luminescence and of 
finding out what reactions and what conditions are necessary 
for seeming a bright, continuous, electrol)d;ic flame. 

Eleetrolytic Flames with a Mercury Anode 

The most striking of the electrolytic flames were those 
emitted during the electrolysis of alkali halide solutions using 
a mercury anode. 

Before discussing the luminescence brought about by 
bringing mercury and the halogens in contact with one another 
electroljrtically it will be interesting to note the color obtained 
by burning mercury in the halogens. The following method 
was found to work admirably even as a lecture experiment: 
A piece of glass tubing, fourteen inches long and one to one 
and one-fourth inches in diameter was supported horizontally. 
One end was supplied with a stopper containing an outlet tube 
leading to a suction pump in the hood; the other end was 
fitted with a tight stopper and a tube for conducting in the 
halogen vapors. This tube was drawn out to a jet at one 
end and the other end was attached to a chlorine cylinder; 
if used for bromine or iodine, the tube was bent at right 
angles and a small Erlenmeyer flask fastened to it. To carry 
out the experiment, a porcelain boat about three inches long 
was filled with mercury and placed in the large horizontal 
tube, so that it was just beyond the jet of the inlet tube for the 
halogen. The whole tube was then warmed slowly and 
carefully at first to minimize the danger of cracking. Finally, 
the heat was concentrated on the boat until the mercury 
began to vaporize. The halogen was then driven through 
the jet and the mercury took fire, burning brilliantly the full 
length of the boat. The flame bmns sufficiently brightly so 
that in a darkened room one can see it distinctly at a distance 
of several yards. The color of the flame was as follows: 



764 


Wilder D. Bancroft and Harry B. WHser 
Tabia I 


Metal Halogen Ccdor oi flame 

Mercury Bromine Yellow to bright orange 

Mercury Iodine Reddish orange as viewed through 

the iodine vapors 

Mercury Chlorine Greenish yellow 

We will now direct our attention to the mercury flames 
produced dectrolytically. The apparatus used was as follows: 
A layer of mercury was placed in a flat crystallizing or petrie 
dish of a size varying from an inch to ten inches in diameter, 
depending on the amount of luminescent stuiace desired. 
A dish containing the mercury anode was then set in another 
oystallizing dish of slightly larger diameter. The solution 
was potu'ed into the outer dish until it came up above the 
level of the inner dish. The layer of mercury was connected 
with the circuit by means of a wire insulated by sealing it into 
a piece of small glass tubing. For the cathode, a sheet of 
platinum about the size of the anode surface was used when¬ 
ever practicable. For a lecture experiment where a very 
large anode surface is more effective, a cathode of copper 
wire gauze may be used instead of platinum. For ordinary 
work, storage cells giving from two to thirty-two volts were 
used as a source of ciurent. With a large anode surface it was 
easier to get the necessary current by using the i lo volt D. C. 
with suitable resistance. As electrolytes 20 percent solutions 
of potassium bromide, potassium iodide, sodium chloride, and 
sodium sulphate, were employed. The brightest light was 
obtained by electrolysis of the bromide. This will be taken 
up in detail as a typical case. 

On passing the cmrent through the bromide solution, the 
mercury anode was quickly covered with a film of mercurous 
bromide and the whole stuface glowed perfectly uniformly 
and very brightly. If the temperature of the electrolsrte was 
about 18° or lower, the glow was bri^t enough to be seen 
in daylight and was conspicuously bnlliant when viewed in 
the dark. The luminescence will last for a long time but the 
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brilliancy gradually dies away, due to impoverishment and 
to the fact that the film becomes so thick that it cuts down the 
current and also masks the light. After the electrolysis has 
run for several minutes and the luminescence has become 
faint, it makes a striking experiment to open the switch, 
allow a little time for diffusion to take place and then quickly 
close the switch again. Under these conditions one gets an 
increase in the current passing through the solution and this 
is accompanied by a momentary bright flash that soon fades 
away as the current falls off. In the above experiment the 
brightest flame was obtained with a current density of about 
1.5 amp/dm*, the drop of potential being about 26 volts. 
A brighter luminescence was obtained when the electrolyte 
was at 0° than when at room temperature. 

In striking similarity with the results obtained by direct 
chemical combination the color of the luminescence was 


found to be as follows; 

Table II 

Metal 

1 Anion j 

Color of luminescence 

i 

Mercury 

I 1 

! Br 

Very bright orange 

Mercury 

I Cl : 

Yellow to orange yellow 

Mercury 

I 

Orange—not so bright as with Br 

Mercury ! 

! SO, 

Yellow (greenish) 


The question that naturally arises at this point is, what 
reaction produces the light? From the experiments on direct 
union we might infer that the luminescence is produced by 
the corrosion of massive mercury by the nascent halogen al¬ 
together independent of any other factors. That this first 
apparently obvious inference is inadequate to explain the 
phenomenon is seen from the fact that there is no visible 
luminescence until a film is formed. During the electrolysis 
the corrosion of the mercury by the nascent halogen is plainly 
going on and if our first assumption is correct this should give 
light regardless of the presence or absence of a film. That 
no luminescence is produced until the film is formed may be 
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seen very dearly by observing the electrolysis of potassium 
iodide with a mercury anode at difierent curmit dendtiea 
and temp^atures. In this case the mercurous iodide formed 
is fairly soluble in the electrolyte and the iodide will dissolve 
until saturation is reached in the immediate region of the 
anode, after which the film will form. The time of formation 
of the film and hence of the flame depends on the current 
density and the temperature. In this experiment an anode 
of about one-quarter (^ntimeter surface was used and accurate 
measurements were made of the initial current and voltage 
and of the current and voltage just after the formation of the 
film. The time necessary for the formation of the film and 
the appearance of the light was noted, and also the tem¬ 
perature. In the following table C^, C/, V,-, V/ denote the 
initial and final currents and the initial and final voltage,, 
respectively. 

Table III 


c< 

C/ 

v< 

V/ 

Light 

Temp. 

amps 

volts 

volts 

seconds 

0.160 

0.075 

3.5 

14 

4 

— 2“ 

0.060 

0.040 

2-4 

10 

40 

— 2° 

0.060 

0,040 

2.0 

11 


60“ 

0.060 

0.042 

1-5 

9 

275 

98“ 

0.160 

0.030 

2.5 

' ^ i 

15 

18° 

0.060* 

O.OIO 

2.0 

4 ! 

128 

18“ 


Table III shows the importance of the film in producing 
electroluminescence. The same effect observed in the elec¬ 
trolysis of potassium iodide may be noted in other cases to a 
very much less marked degree. For example, in the elec¬ 
trolysis of potassium bromide with a mercury anode at high 
temperatm-es there is a very shmt interval between the 
closing of the switch and the appearance of the film and the 
flame. 

Since it has been found in all cases studied that the 
presence of a film over the anode is necessary for the forma¬ 
tion of the anode flame observed, the question comes up« 
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as to the ftmction of the film. Since the formation of the 
film is accompanied by an increase in voltage, the first assump¬ 
tion is that the liuninescence is produced by an effect similar 
to a silent discharge or sparking through the film. A number 
of experiments have been carried out which show that this 
is not the case. 

Marked evidence against the glow being a sparking 
effect is to be seen in the perfect uniformity of the lumines¬ 
cence over the whole surface of the anode altogether irre¬ 
spective of the size. This would probably not be the case 
if it were a discharge through the film, for the film would 
unquestionably break down at some place and produce a 
distinct spark. No such effect was noted. Furthermore, the 
film may be scratched or broken at some point and then the 
circuit closed. Under these conditions, if the glow were a 
sparking effect, we should certainly expect the energy of the 
current to spark across this little gap rather than through the 
difficultly conducting film. Although this experiment was 
tried a number of times no flash of the nature of a spark was 
ever observed. 

The luminescence is not through the film but under¬ 
neath it, in direct contact with the mercury surface. This 
may be told from the fact that, after a little time, the film 
becomes sufficiently thick that it looks black and the glow 
is masked as the light from an incandescent bulb would be 
if surrounded by a piece of thin black cloth. After the film 
is so thick that but very little light can be seen on looking 
down upon it, a thin region of luminescence may be ob¬ 
served between the merciiry and the film by looking sidewise 
parallel to the mercury surface. This indicates that the glow 
is not in the film but only at the mercury smface. A further 
test of this was made in the following manner: Electrolysis 
of the bromide solution with a mercury anode was carried 
out for a few minutes. The anode dish was carefully removed 
from the solution without cracking the film. The latter was 
then washed by allowing a gentle stream of water to flow 
over it for a long time. After washing, the excess of water 
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was taken up with filter paper and the fihn allowed to dry 
thoroughly. A piece of platindm about one square centi¬ 
meter in area was held against this film as firmly as posable 
without breaking it. This {fieoe of platinum was made 
cathode and the mercury anode. On closing the circuit 
there was no arcing through the film even though the voltage 
was increased to 40 volts. The film at the edge of the platinum 
cathode was then moistened with a very small drop of dilute 
potassimn bromide solution. On closing the circuit a distinct 
glowing was seen not through but underneath the portion of 
the film that was dampened. 

A further proof that the anode fiame is not caused by a 
sparking through the film was obtained by electrolyzing two 
solutions of potassimn bromide in series—one hot and the 
other cold—^with a mercury anode. Under these conditions 
it was found that the flame was much brighter and lasted 
much longer in the cold than in the hot solution. However, 
the voltage drop across the hot solution was greater than 
across the cold solution. This is diametrically opposite to 
what we should expect if it were a case of sparking through the 
film. The following table shows this point clearly. The 
temperature of the hot solution was 54® and of the cold solu¬ 
tion, —^4®. 

Table IV 


Time 

seconds 

Voltage 

cold 

Voltage 

hot 

Time 

seconds 

Voltage 

cold 

Voltage 

hot 

5 

12.00 

9.00 

55 

9.42 

12.37 

10 

10.20 

10.90 

60 

9-39 

12.42 

15 

9.98 

11.50 

75 

9*33 

12.46 

20 

9.80 

11.81 

90 

9-30 

12.50 

25 

965 

12.00 

105 

9-35 

12.55 

30 

9.60 

12.10 

120 

9.24 

12.57 

35 

9-55 

12.15 

150 1 

9-23 

12.60 

40 

950 

12.23 

180 1 

9.22 

12.60 

45 

9.48 

12.26 

240 

9.20 

12.62 

50 

9-47 

12.28 





If the electroluminescence were produced by a silent 
discharge through a thin film of a mercury halide, glowing 
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should result, if such a violent discharge were passed through 
a thin film artificially prepared. An experiment to test this 
was carried out. 

Two test tubes were taken, one about three-fourths of an 
inch internal diameter and the other about one-half inch 
external diameter. The larger was coated on the inside and 
the smaller on the out.side with a thin uniform film of mercuric 
chloride. To do this a saturated solution of mercuric chloride 
in ether was prepared and the surface to be coated was wetted 
uniformly with this. The ether evaporated quickly leaving 
a thin coating of the salt on the tube. This was repeated 
until a film of the desired thickness was secured. The larger 
test tube, which was coated on the inside, was surrounded 
by another slightly larger and the intervening space filled 
with dilute sulphuric acid. The smaller test tube which was 
coated on the outside, was filled with dilute sulphuric acid 
and then placed inside the larger one and the two were held 
apart concentrically by a cork. We thus had an apparatus 
on the plan of the Siemcns-Halske ozonizer. By connecting 
this with the terminals of an induction coil, a silent discharge 
was passed through the thin film and across the gap be ween 
the test tubes. When this was done in a dark room only a 
faint whitish glow was obtained, in no way resembling the 
orange or yellow luminescence obtained on electrolysis. The 
experiment was repeated a number of times with varying 
thickness of film but always Avith the same result. 

It is evident from the above series of experiments that the 
luminescence is not due to a sparking through the film but is 
due to the reaction taking place in the region possibly of 
molecular dimensions, between the surface of massive mercury 
and the film of salts. With the possibility of a sparking effect 
through the film removed from consideration, we can again 
turn our attention to the conditions and to the consequent 
reaction which produces the luminescence. 

Practically all of the resistance and therefore the heating 
effect of the current is produced by the film. Although the 
current and the voltage for obtaining the maximum lumines- 
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cence are relatively low, the heat generated is confined to a 
very small space and, being in direct contact with the mercury 
surface, is sufficient to vaporize minute quantities of mercury, 
which in the presence of the nascent halogen, will react with 
sufficient velocity to emit the observed luminescence. Con¬ 
siderable evidence points to the fact that the luminescence 
of the mercury anode is due to the rapid union of the anion 
with heated metal vapor to form the solid salt. 

It was found necessary in the experiments on direct 
union, discussed at the beginning of this paper, to heat the 
mercury until it began to vaporize before the reaction velocity 
was sufficiently high to produce luminescence. Some experi¬ 
ments were tried with mercury in the cold. A drop of bromine 
was allowed to fall on a massive mercury surface in a dark 
room. The reaction took place rapidly with the evolution 
of much heat, but the reaction velocity was not sufficiently 
high to cause glowing. A very fine stream of mercury was 
sprayed into dense fumes of bromine. Here again the re¬ 
action took place rapidly, but the velocity was not high 
enough to produce light. If, however, the mercury were 
heated, the velocity of the reaction was such that a very bright 
light was produced. We have exactly this same thing in the 
electrolytic process. No light is emitted until the film is 
formed and then heat generated in direct contact with the 
anode stirface volatilizes small amounts of mercury, which 
react rapidly with the nascent anion to form the solid salt. 

A further argument in support of this view is that by far 
the brightest .luminescence on electrolysis is obtained with 
mercury—a metal with a relatively low vaporization point— 
while with a metal like copper or silver only a very faint glow 
can be obtained even imder the most favorable circumstances. 

One other point must be considered. Reference has 
repeatedly been made to the fact that the anode flame is 
brighter and lasts longer in the cold solution than it does in 
the hot. This is particularly noticeable in the electrolysis 
of the bromide solutions and is much less marked in the case 
of the chloride and iodide. So marked is it in the bromide 
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dectrolysis that attention was called to the fact that for 
demonstration purposes the cold solution should always be 
used on account of its greater effectiveness. One explanation 
of this effect of temperature on the luminescence is, that other 
conditions being the same, chemiluminescence may increase 
with decreasing temperature. There is some evidence* in 
support of this view but the temperature difference is so 
small in the bromide electrolysis compared with the difference 
in the luminescence observed, that this explanation seems 
doubtful. 

If we are not to assign a very large negative temperature 
effect to the luminescence of the mercury-bromine reaction, 
we must find some other explanation for the marked change 
in luminescence due to cooling the solution a few degrees. 
If we consider—as we apparently have to—that the formation 
of the solid salt is essential to the luminescence in this particular 
case, the effect of the temperature of the solution may be due 
to the change in solubility and degree of supersaturation with 
change of temperature. Although the absolute solubility of 
mercurous bromide is very small both at 0° and at 50°, the 
relative solubility is undoubtedly greater at ^e higher tem¬ 
perature than at the lower. From what we know of other 
solutions it is certain that the absolute amount of super¬ 
saturation increases with rising temperature. At the lower 
temperatmres we shall therefore have the mercurous bromide 
not only precipitating as fast as formed but practically at the 
point where formed. The space within which the mercurous 
bromide precipitates is therefore very small. At higher 
temperatures the solubility and supersaturation increase, and 
consequently the mercurous bromide will have a chance to 
diffuse to a certain unknown extent before precipitation 
completely and the space throughout which the precipitation 
takes place is relatively much larger. This involves intro¬ 
ducing the fiuther conception that the intensity of lumines- 


‘ Dewar: Chem. News, 70, 252 (1894); Bancroft and Weiser: Trans. Am. 
Blectrochem. Soc., 25, 127 (1914}. 
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cence increases with increasing volume concentration as well 
as with increasing reaction velocity. 

The luminescence of the mercury-bromine reaction be¬ 
comes in part a crystalloluminescence, like the whitish light 
obtained when sodium chloride crystallizes under suitable 
conditions, when sodium bums slowly in chlorine, or when 
cathode rays act on crystals of sodium chloride. This follows 
from the facts: that we get no luminescence until the mer¬ 
curous bromide precipitates; that the luminescence does not 
necessarily vary directly with the fall of potential at the 
anode; and that the luminescence varies more with the tem¬ 
perature of the solution than can reasonably be accounted for 
solely on the assumption of a negative temperature coefficient. 

From a study of the electrolytic mercury flames we come 
to the following conclusions: 

1. A film must form over the anode before luminescence 
is obtained. 

2. The luminescence is not produced by the thermo- 
luminescence of the highly heated film or by a sparking 
through the film. 

3. The effect of the film is to cause a rise of temperature 
in a very limited region in direct contact with the mercury 
sufficient to vaporize small quantities of the metal. 

4. Luminescence is produced by the rapid reaction of 
nascent halogen with the heated mercury and the formation 
of the solid mercury salt. 

The electroluminescence obtained with a mercury anode 
was by far the most spectacular and was obtained with the 
least difficulty. The current density was always compara¬ 
tively low and a continuous glowing for several minutes was 
not hard to obtain. With the other metals studied the current 
density had to be considerably higher. As noted in the ex¬ 
periments on the merciuy flames, no luminescence was ob¬ 
tained unless a film was formed. Furthermore, the film 
formed had to be of a firm, coherent nature and poorly con¬ 
ducting, so that a local heating in the region of the metal 
would result. The presence of such a fitai was found to be 
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necessary in all cases for the production of electrolumines¬ 
cence. The presence of this film often masked the light 
emitted under it, so that a flash was all that was ordinarily 
obtained, after which the film was too thick to allow the 
faint glow to be seen through it. It occurred to us that if 
some means were employed to remove the most of the film 
as fast as formed, a continuous electroluminescence ought to 
be obtained. This was found actually to be the case. The 
method was simply to rotate the electrode rapidly and hold 
a brush against it which scraped away the excess film that 
masked the light. The apparatus used was simple in con¬ 
struction: A rotating electrode holder was held firmly in 
place on a stationary stand. The holder was supphed with a 
series of pullies so that different rates of rotation could be 
obtained. A i/8 H. P. alternating current motor drove the 
belt. The anodes used were rods of the metal from one-half 
to I centimeter in diameter. The electrolyte was placed in a 
crystallizing dish fotu' inches in diameter and four inches 
deep. This was only half filled so as to prevent the splashing 
of the electrolyte by the rapidly rotating anode. A stiff- 
bristled tooth brush served for brushing the electrode. In the 
actual experimentation the electrode was first started, the 
brush held firmly against it and the current was then passed 
through the solution. 

A detailed account will now be given of the separate 
experiments with anodes of tin, copper, cadmium, silver, 
and lead in 20 percent solutions of hydrochloric acid or sodium 
chloride, potassium bromide, potassium iodide, sodium sul¬ 
phate, or sulphuric acid. 

Electrolytic Flames with Tin Anode 

Tin Anode in Sodium Chloride Solution .—In this elec¬ 
trolysis no coherent film was produced on the anode but in¬ 
stead a slimy deposit was formed around it. This deposit 
was due to the hydrolysis of the chloride formed and could 
be prevented by acidifying. There was no luminescence even 
at a very high current density. There was no sparking effect 
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wliatsoever until the solution became so hot that it boiled 
around the electrode. 

Tin Anode in Potassium Bromide Solution. —No'coher^t 
precipitate was formed on the anode and hence no lumines¬ 
cence was obtained even at a very high current density and 
voltage. There was no sparking until the solution becmne 
boiling hot around the anode. On first closing the switch 
the electrode appeared dark, due to some bromine set free 
at the high cturent density. Immediately thereafter a dense 
white precipitate formed in the region of the anode, due to the 
hydrolysis of the bromide formed on the electrolysis. 

Tin Anode in Potassium Iodide Solution .—On passing the 
current through this solution a film of insoluble iodide was 
immediately formed on the surface of the electrode. This 
film was firm and cohermt and a luminescence was obtained 
as one would expect from analogy with the experiments using 
a merciuy anode. By starting with a clean anode and a clear 
solution a faint light can be detected at i amp/cm^ and ii 
volts. In order to see this, however, one’s eyes must have 
become very sensitive by remaining a long time in the dark. 
Even then only a flash was observed that was greenish white 
in color. The cmrodon of the anode was not quantitative 
and the liberated' iodine soon colored the solution. By in¬ 
creasing the current density to 1-1.5 amp/cm® and a voltage 
of 20, a much brighter luminescence was secured. If the 
anode was rotated rapidly and brushed, the glow was con¬ 
tinuous and was greenish white to greenish yellow in color. 

Tin Anode in Sulphuric Acid Solution .—^At o.i amp/cm* 
and 6 volts a faint greenish white light was obtained. At a 
slightly increased current density and to volts, the lumines¬ 
cence was continuous and was greenish y^dtow in colm. By 
increasing the current density and so increasing the reaction 
velocity still more, this greenish yellow flame was bright 
enough that it could be seen distinctly across the room. A 
very thin film formed over the anode. This may be verified 
by polishing the electrode until it is bright before starting 
the electrolysis. As soon as the switdt was closed, the shMy 
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surface became dulled by the formation of the thin film. 
Furthermore, the current gradually became less and less, 
indicative of the film becoming thicker. 

It is interesting to compare the luminescence obtained on 
electrolysis with the flame secured by direct union of the 
metal with the halogen. Table V. The method of obtaining 
the results on direct union have been described in a former 
paper. ^ 

Table V 


Metal 

Anion 

Color of electroluminescence 

Color on direct union 

Tin 

Cl 

No light 

Bluish violet to green 

Tin i 

Br 

No light 

Green 

Tin ! 

! I 

Greenish white to yellow 

Light green (yellowish) 

Tin 

‘ so, 

Greenish white to yellow 



Electpolytie Flames with Copper Anode 

Copper Anode in Hydrochloric Add. —In this electrolysis 
the light effect was faint, even at a high current density, but 
it was clearly seen to be greenish white in color. The lumines¬ 
cence appeared as a flash on first closing the switch but 
gradually grew fainter and fainter. By rotating the electrode 
rapidly this faint glow may be obtained continuously. A 
thin film of cuprous chloride was formed on the surface of the 
anode. 

Copper Anode in Potassium Bromide Solution. —The light 
effect was very weak indeed, but if the eyes were allowed to 
become sensitive, a glow could be seen around the electrode 
at one to two amperes per square centimeter and twelve volts. 
The solution became colored by some bromine liberated at the 
high current density and by the formation of a reddish brown 
precipitate. On this account it was difficult to determine the 
exact color of the whitish luminescence. With a rotating 
electrode the glow lasted for some little time. No sparking 
was obtained until the solution boiled around the electrode 
and the voltage increased to 35 to 40 volts. The sparks 
■max. distinctly green flashes. 

^Bancroft and Weber: Jour. Phys. Chem., |8| 313 (1914). 
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Copper Anode in Potassium Iodide Solution. —very 
faint glow was obtained at 15 volts and a high current density, 
r-2 amp/cm®. This was observed only after staying for 
considerable time in the dark room before starting the elec¬ 
trolysis. The light was reddish white tinged slightly with 
green. No doubt the color was greenish white and the red¬ 
dish appearance was due to looking through an intensely red 
solution. The red color of the solution was due to iodine 
set free at the high current density of the electrolysis. Ex¬ 
amination of the anode after electrolysis showed that a film of 
cuprous iodide was formed on it. The luminescence could be 
observed for only a few seconds even with a rotating electrode 
on account of the dark color of the solution entirely masking 
the faint anode glow. That this was the case may be verified 
by observing the electrolysis in daylight. The electrode was 
placed near the edge of the container in a clear solution of the 
iodide. A moment after the switch was closed the electrode 
was obscured by the liberated iodine coloring the solution a 
dark red. 

Copper Anode in Sulphuric Acid Solution. —At a relatively 
low current density and seven volts a flash of light was ob¬ 
tained but it lasted only a moment. It was greenish in color. 
By increasing the current density slightly and rotating the 
electrode, this glow became brighter and was of a greenish 
yellow color. A film, apparently of oxide, was formed on the 
surface of the electrode. At a high current density no light 
was obtained for no film was formed. Instead, the dis¬ 
integration of the anode was so rapid that the surface seemed 
to be tom off and the solution filled up with fine particles of 
copper. 

Summary. —^In all of the above cases it was found that an 
electroliuninescence was obtained, but the glow was only very 
faint and was difficult to get continuously. The quality of the 
luminescence was hard to recognize, owing to the faintness 
of the glow and the fact that the solution became cloudy after 
the electrolysis. For the most part the light was greenish 
white in color. From a knowledge of the conditions necessary 
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for obtaining a bright electroluminescence we should expect 
to get only a faint light with a copper anode. The metal 
volatilizes at a very high temperature and the film formed is 
of a slimy amorphous character rather than of the firm, 
coherent nature which we found to be necessary for obtaining 
the mercury flames. 

Electrolytic Flames with Cadmium Anode 

Cadmium Anode in Chloride Solution. —During the elec¬ 
trolysis in sodium chloride solution a white amorphous pre¬ 
cipitate formed in the region of the anode. On account of the 
nature of the precipitate there was of course no luminescence. 
In hydrochloric acid solution no precipitate whatsoever was 
formed. By increasing the current density so high that the 
solution boiled around the electrode, sparks were obtained. 
These sparks were of a greenish color. 

Cadmium Anode in Potassium Bromide Solution. —What 
has been said regarding the chloride electrolysis applies to the 
bromide. No coherent film deposited on the electrode; in¬ 
stead an amorphous precipitate was formed. There was no 
luminescence. 

Cadmium Anode in Potassium Iodide Solution. — A faint 
flash of light was obtained at 0.5 amp/cm* and ten volts. 
At a slightly increased cvurent density and 20 volts a very 
bright yellow luminescence was obtained. The film of iodide 
formed on the anode was so resistant that it quickly cut 
down the current with a stationary anode. In order to 
obtain the luminescence continuously it was foimd neces¬ 
sary to rotate the electrode 3000 r. p. m. and to hold 
a stiff-bristled brush firmly against it. Under these con¬ 
ditions the film was removed sufficiently rapidly that 
the yellow luminescence lasted for a considerable time. 
When the observation was made at a relatively low 
current density or in the hot solution, results were obtained 
similar to those observed with a merciuy anode in 
potassium iodide solution. The iodide of cadmium dis¬ 
solved appreciably in potassium iodide, particularly in the hot 
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solution, so that the film did not fottn as soon aes the switch 
was closed. As in the case of the mercury flame in iodide 
solution, there was an interval of time between ^ closing 
of the switch and the appearance of the flash. The length 
of this time interval depended on the current density and the 
temperature. 

Cadmium Anode in Sulphuric Acid Solution. —In this 
electrolysis the film did not appear immediately and so a 
similar phenomenon to that above mentioned was observed. 
Starting at a ciurent density of about i amp/cm® and eight 
volts, the film formed in about two seconds. Simultaneously 
with the appearance of the film, the voltage increased to 
twenty-six volts and the current dropped off considerably. 
The luminescence was quite bright and was yellow in color 
with a tendency toward a greenish tinge. Even with a 
rotating electrode the glow would not last very long but 
gradually faded away. The thin film of oxide was so hard 
to remove that scraping with a fiber brush was insufficient to 
keep the electrode clean. By breaking the circuit and letting 
it stand for a moment in the acid solution the film dissolved 
off and the experiment could then be repeated. 

Summary. —A cadmium anode in chloride and bromide 
solution gave no electroluminescence since no film was formed. 
In iodide and sulphate solution a film was formed and a bright 
electroluminescence of a yellow color was obtained. The 
color of these electrolytic flames was the same as that observed 
when volatilized cadmium was burned in an atmosphere of 
oxygen or chlorine. 

Electrolytic Flames with a Silver Anode 

Silver Anode in Hydrochloric Add. —^At a current density 
of 0.2 amp/cm^ and lo volts a fla^ was obtained that was 
rather faint and was yellowish white in color. By increasing 
the current density a brighter flash obtained but the film of 
chloride quickly shut off the light. This film was hard to 
remove and the voltage was high but there wae no sparking. 
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The voltage was kept down by very vigorous brushing and the 
glow could be maintained for a few seconds. 

Silver Anode in Potassium Bromide Solution. —A faint 
greenish yellow light was observed at a current density of 
0.3 amp/cm® and 15 volts. The voltage rose gradually and 
the current fell unless the electrode was brushed very vigor¬ 
ously. Under these conditions the faint glow was main¬ 
tained continuously. 

Silver Anode in Potassium Iodide Solution. —A very faint 
orange glow was obtained at 11 volts. At a current density of 
I amp/cm® and 18 volts the orange luminescence was fairly 
bright and lasted for several seconds if the electrode was 
brushed. 

Silver Anode in Sulphuric Acid Solution. —At 0.5 amp/cm* 
and 10 volts a faint glow was observed. The color was white 
with a slight yellowish tinge. At i amp/cm* with a rotating 
electrode a much brighter yellowish white luminescence was 
obtained. 

Summary. —With a silver anode a coherent film was 
formed and luminescence was obtained in every electrolysis 
studied. The glow was never bright but could be obtained 
continuously by brushing the rotating cathode vigorously. 

Electrolytic Flames with a Lead Anode 

Lead Anode in Sodium Chloride Solution. —At 2 amp/cm* 
and 20 volts a faint glow was observed. The voltage rose 
rapidly and the current fell off even though the rotating 
anode was brushed hard. The luminescence was white. 

Lead Anode in Potassium Bromide Solution. —Only a faint 
white light was obtained even at high current density. The 
film was not of a coherent nature and the solution filled up 
quickly with a dense precipitate which rendered the solution 
so cloudy that even with a rotating electrode the light effect 
could be seen for only a few seconds. 

Lead Anode in Potassium Iodide Solution. —^At 0.5 
amp/cm* and ii volts a bright yellow light with a greenish 
tinge was obtained. Even a moderate amount of brushing 
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served to keep the anode sufficiently clean that a continuous 
luminescence was secured. At a slightly higher current 
density and a voltage of 20 volts the flame was visible at a 
distance of several yards. At the higher current density the 
electrode had to be brushed pretty vigorously to maintain the 
glow with undiminished intensity. The solution quickly 
became cloudy and the luminescence appeared much brighter 
by looking down on the electrode from above instead of 
through the turbid solution. 

Lead Anode in Sulphuric Acid Solution .—^At the be¬ 
ginning of this paper attention was called to the work of 
Schluederberg with lead electrodes in sulphuric acid, using an 
alternating current. He was unable to obtain a glow with the 
direct current on account of the formation of a film of lead 
peroxide. From analogy with the experiments above de¬ 
scribed we should expect to obtain a flash even with a direct 
current. As a matter of fact a fairly bright white glow was 
obtained for an instant. The attempt was made to remove 
the lead peroxide film by brushing and so obtain a continuous 
white luminescence with the direct current. It was found 
that the glow could be prolonged somewhat but the film stuck 
so tightly that it could not be removed sufficiently rapidly to 
obtain a continuous luminescence. 

Summary .—^A faint luminescence was obtained with a 
lead anode in chloride and bromide solution; in iodide solu¬ 
tion the glow was relatively very bright and could be main¬ 
tained for several minutes by rotating the electrode and 
brushing. A bright flash was obtained in sulphuric acid solu¬ 
tion even with a direct current. A continuous glow may be 
secured using an alternating current thereby preventing the 
film of lead oxide becoming so thick that it cuts down the 
current until no luminescence is visible. 

The results of this paper may be summarized as follows: 

1. Reactions may be brought about electrolytically 
under such conditions that they emit Ught. 

2. A particular study has been made of the luminescence 
and the conditions for obtaining luminescence in the elec- 
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trolysis of chloride, bromide, iodide, and sulphate solutions 
with a mercury anode. This study was extended using 
anodes of tin, copper, cadmium, silver, and lead. 

3. In all cases in which luminescence was obtained, a 
firm, coherent film formed on the anode. In certain cases in 
which the product of the anodic reaction was soluble in the 
electrolyte, the film formation was delayed for a time. No 
luminescence appeared until after the film formed. 

4. The luminescence was not due either to the thermo¬ 
luminescence of the film or to a sparking through the film. 
It was underneath the film in the reaction zone. 

5. A poorly conducting film is necessary. The heat 
generated by the resistance causes a local rise in temperature 
at the surface of the metal. The reaction which emits the 
light is the reaction of the nascent anion with the heated (and 
presumably volatilized) metal to form the solid salt. 

6. No luminescence was obtained unless the metal in 
corroding formed the solid salt instead of dissolving or, de¬ 
composing. Ordinarily the solubility is least and the stability 
is greatest in cold solution. In consequence of this we should 
expect the luminescence to be greater in the cold than in the 
hot solution. This was particularly noticeable in the elec¬ 
trolysis of potassimn bromide with a mercury anode. 

7. In many instances the heated metal will btun brightly 
in an atmosphere of oxygen or of the halogens. Under these 
conditions the color of the flame is strikingly similar to that 
obtained electrolytically. 

8. With a stationary anode the luminescence is usually 
only a flash, since the film masks the luminescence and also 
cuts down the current so that the reaction velocity is very 
low. 

9. In most cases the luminescence can be made con¬ 
tinuous by rotating the anode rapidly and at the same time 
brushing it with a tooth-brush so that the film does not be¬ 
come too thick. 

Cornell University 
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La Silice et las Silicates. By Henry Le ChateHer. 17 X 25 m; pp. $ 74 " 
Paris: A. Hermann et Fils, 1^14. Priu: 15 francs. —The author points out, 
p. I, that the text-books on chemistry usually say relatively little about silica, 
and less about the silicates. He says, p. 7, that silica ''is a regular proteus 
showing more numerous variations than any other known substance. The 
forms of crystallized anhydrous silica fall into two groups distinguished by a 
considerable difference of density: a mean density of 2.6 for the one and of 2.3 
for the other. Carbon and phosphorus are the only other substances which 
show as large differences of density between the allotropic forms. Each of the 
groups contains two or three allotropic forms, distinct as regards their crystal¬ 
line forms, and each of these forms tmdergoes reversible changes under the influ¬ 
ence of heat, yielding a series of new forms stable only between certain tempera¬ 
ture limits. There are certainly a dozen allotropic forms of silica.... 

"It is distinctly interesting to note the ease with which silica assumes the 
amorphous state and confers the same on the mixture which it forms with other 
silicates, thus giving rise to the ordinary glasses. No other substance in inor¬ 
ganic chemistry has this property to such an extent. It is true that boric acid 
occurs in the amorphous state; but its change to the crystallized is unknown 
and consequently it does not lend itself, as does silica, to a study of the change 
from the solid amorphous state to the crystallized state. 

"Hydrated silica is not less interesting than crystallized anhydrous silica. 
It appears not to follow the laws of definite proportions and of constant dissocia¬ 
tion pressures. Its water content varies indefinitely with varying external 
conditions. One of its striking properties is the formation of colloidal solutions 
with water. It is an open question whether these gelatinous masses are really 
hydrated in the chemical sense of the word or whether they are not rather due 
to very finely divided anhydrous silica forming a paste with water. 

"The metallic silicates offer a field for study not less varied than that of 
silica itself. While other acids seem only to form a fairly limited number of 
salts, whose composition is governed by definite and very simple rules, the num¬ 
ber of silicates seems almost to be unlimited and the formulas are sometimes 
so complicated that the law of simple proportions between the oxygen of the acid 
and that of the base becomes hard to confirm. An entire science, mineralogy, 
is devoted to the study of natural minerals and at least three-quarters of these 
are silicates. While it has been difficult to reproduce synthetically some of the 
natural silicates, there have been prepared in the laboratory a large number of 
silicates not found in nature. The study of these compounds will certainly 
give rise some day to a branch of chemistry comparable in importance with that 
of the carbon compounds.** 

The subject is treated under the general headings: chemical properties of 
the oxygen compounds of silicon; so-called hydrated silica; amorphous silica;, 
crystallization of quartz; physical properties of quartz; rotary polarization; 
double refraction; chalcedony; silica having a low density; transformations 
of silica; general properties of glasses; chemical properties of glasses; physical 
properties of glasses; expansion of glasses; optical properties of glasses; metallic: 
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-silicates; classification of metallic silicates; alkali and barium silicates; calcium 
silicates; magnesium silicates; aluminum silicates; ceramics; rocks and slags. 

The author considers, p. 23, that the leucones are hydrates of silicon mon¬ 
oxide, SiO.HjO and Si808.H20, for instance. He bases this conclusion chiefly 
on the fact that caustic potash reacts with SiO.HgO, causing the evolution of 
hydrogen. Another interesting conclusion, p. 76, is that a silicic acid jelly is 
merely a paste of anhydrous silica and water. ''The presence in the silicic acid 
jellies of a substance as hard as anhydrous silica ought to be made evident if 
we use the paste to polish hard substances such as metals. The prediction has 
been confirmed experimentally. It proved easy to polish bronze by means 
of gelatinous silica, obtained by the decomposition of silicon fluoride by water. 
It was washed with distilled water and was not allowed to dry because this would 
have given rise to harder lumps through agglomeration.” This is a very strik¬ 
ing experiment but it seems open to the criticism that the anhydrous silica may 
have been formed during the polishing as a result of pressure. 

The author inclines, p. 367, to the view of Tschermak that the feldspars 
form a continuous series between 6Si02Al203.Na20 and 2Si02Al203 CaO. On 
pp. 476 et ff the author discusses the theory of pla.sticity in considerable detail. 
He is strongly of the opinion that a lamellar structure is essential. The reviewer 
is not willing to go this length. It is clear that one can have more slipping 
with a lamellar than with a spherical structure; but it is putting the cart before 
the horse to make the lamellar structure the cause of plasticity The esvsential 
for a plastic ma.ss is that there shall be a film which shall be coherent and self- 
healing. In the case of putty the film is oil; in the case of wet sand it is water. 
If we are going to stipulate, as is usually done, that the plastic mass shall dry 
or bake to a solid mass, the film cannot be a liquid alone but must he a more or 
less gelatinous mass. 

On p. 511 the author mentions a very interesting fact in regard to Ktruscan 
pottery. This has to be burned at a temperature of icxx^^^ and melts at 1070^^. 
Consequently there must have been an extremely careful temperature regula¬ 
tion. 

Under petrified wi>od, p. 206, the reviewer would have welcomed a discussion 
of the probable method of formation Even if this had amounted chiefly to a 
confession of ignorance, it would have been worth while as calling attention to 
the gaps in our knowledge A more extended disciission of colloidal silica would 
also have been a good thing, pp. 29, 65. One can get so much out of this book 
that one is tempted to ask for even more. Wilder D, Bancroft 

Lehrbuch der Metallographie. Chemie und Physik der MetalIc und Hirer 
Legierungen. By Gustav Tammann. ly X 2$ cm; pp Hi -f 3Q0. Leipzig: 
Leopold Voss, igi4. Price: paper, jg marks; hound, 20 marks ,—More work on 
alloys has been done in Tammann’s laboratory than anywhere else, and conse¬ 
quently a text-book by him is welcome. The l)ook aims to be a great deal more 
than a compilation of diagrams. For instance, 136 pages are given to one com¬ 
ponent systems under the subheads: the process of crystallization, changes in 
properties with changes in state; changes in the properties of metals on working. 
Under two-component systems nearly fifty pages are devoted to the properties 
of binary alloys. The author does not agree with Beilby’s views as to the forma- 
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tion of an amorphous phase when metals are polished or rolled, and for that we 
are truly grateful. It has always been a surprise to the reviewer that neither 
Beilby nor any of his supporters has ever made any attempt to confirm his 
h3rpothesis by experiments on transparent crystals of some sort. 

While the plan of the book is excellent and while it is a valuable work, the 
avowed intention of the author to confine himself very largely to the work of his 
own laboratory makes the book more one-sided than was necessary or desirable. 
There is practically nothing on the corrosion of alloys, though that is quite as 
important as some of the other properties considered. Under electrolytic copper 
the work of Bennett has been overlooked. Too much stress has of course been 
laid on the method of thermal analysis, which is admittedly an easy and rapid 
method; but, unfortunately, also a crude one, especially when reactions between 
solids are involved. 

The author adopts the view, p. 245, that FejC is always an instable form 
and he does not even refer to Upton's suggestion of the possible existence of Fe«C. 
The reviewer is quite certain that this is wrong. It is quite true that some 
graphite-free cast irons will set free graphite if anealed at 900^-1000®; but it 
does not follow from this that graphite is the stable phase at that temperature. 
That would be true only in case the graphite were not taken up again. Since 
it is possible to prepare alloys containing 3% carbon which do not set free 
graphite when annealed, it is clear that there has been an error due to not 
identifying the phases present before annealing. 

In spite of these shortcomings, the book is by far the most interesting work 
on the subject with which the reviewer is familiar. It is to be hoped that the 
second edition will prove even better. Wilder D. Bancroft 

ElektrischeSpektralanalysechemischarAtome. By J. Stark. 16 X 23 cm; 

pp. Hi -f 138. Leipzig: S. Hirzel, 1914, Price: paper, 5 marks; cloth, 6 marks .— 
When canal rays pass through a gas, we get rapidly moving particles, some of 
which are positively charged ions, some negatively charged ions and still others 
neutral atoms or molecules. The rates of motion of these three sets of particles 
will be affected differently by an electrical field. By studying the varying in¬ 
tensities of the spectral lines under these circumstances, one can draw conclusions 
as to the particles emitting certain spectral lines. The arc lines are believed, 
for instance, to be due generally to particles which contain at least one electron 
more than those to which the spark lines are due. 

The author discusses the methods of experimenting and then takes up the 
theoretical side of the problem. The theoretical side would be more satisfactory 
if the author had considered the probability of light being due to a reaction and 
not necessarily to a particle. Wilder D. Bancroft 

A Manual of Practical Physical Chemistry. By Francis W. Gray, ig X 
J4 cm; pp. xvi -f 21 j. London: Macmillan and Co., 1914. Price: 4s. 6d .—^This 
little manual contains a series of thirty-nine exercises so arranged that each can 
be finished inside a normal laboratory period. The ground seems to be covered 
fairly well. The most striking novelty in the book is the use of the word *'dis- 
solecule" to mean molecular weight, p. 43. Wilder D. Bancroft 
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